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Battalion Training Model

Preface

This volume explains the concepts, organization, and functions of the
Battalion Training Model (BTM). Chapter I discusses the purpose, scope,
general description, and concept of operation of the model. Chapter II

provides a specific description of each section of the model, laying out

- parameters, definitions, simplifying assumptions, equations, values, data

and data voids. Chapter III presents a more technical description,
discussing automatic data processing issues, program format, and operations
research systems analysis (ORSA) logic. Chapter IV discusses the
sensitivity analyses of the data as well as possible policy implications

for the Department of the Army and HQ TRADOC. Chapter V presents
conclusions and recommendations, in both administrative and substantive

-' areas. Quality levels describing data used to support analyses and

conclusions are outlined in Annex R.
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CHAPTER I

INTRODUCTION

Purpose

The purpose of the Battalion Training Model (BTM) is to provide an
analytical tool to respond to the guidance of the ARTS Study Directive and
Study Advisory Group guidance as established in the TRADOC Commander's
Memorandum of 27 February 1978, "Additional ARTS Guidance." This guidance
directed that the Study Group precisely define individual and collective
unit training requirements, factoring in their maximum feasible
integration (i.e., training in more than one task concurrently). It
further directed that the training frequency of these tasks be specified
and that training proficiency be determined as a function of frequency and
personnel turbulence. Finally, the Study Group was directed to develop a
training hierarchy which relates resources, requirements, and training
frequency to levels of readiness. Implicit were the tasks of linking
readiness to mission/ARTEP/SM tasks (requirements) and determining the
people, time, dollar, and resources necessary for training proficiency.
Also implied was the requirement to consider the time required for
nontraining activities and its impact on readiness. One means to address
this guidance is to simulate the training environment of a typical Army

unit. The BTM is such a simulation.

A battalion commander exists in an extremely complex environment. His
goals and responsibilities are incommensurable and sometimes conflicting.
Not only must he insure that the battalion and its subordinate units
maintain an adequate level of training proficiency, but he must also see
to it that his individual soldiers learn and retain proficiency in their
combat skills and --a subtle difference-- achieve suitable SQT scores for
career advancement. Administratively, the commander must create an
efficient, smooth-running unit, with equipment kept in a proper state of
maintenance and garrison support commitments met. In addition to these
basic readiness requirements, the battalion must be responsive to such
requirements as Reserve Component support, parades, obligations to

scldiers (recruiting contracts for educational opportunities) and siwilar
requirements, all of which compete for the unit's very limited resources:
time, people, operating money, facilities, and equipment. Within this
environment, the battalion must be kept ready for combat. A fully combat
ready unit is one which could accomplish its missions on the "95%
battlefield" with no additional training--one which is ready to go to war
tomorrow. This is termed the Bn-I unit. Other readiness conditions can
be expressed as training days required to achieve Bn-1 status. For

example, a Bn-5 unit requires 5 days of training to achieve fully combat
ready status.

V
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The Battalion Training Model uses the goal programming approach to
describe and analyze this complex environment. It addresses each of the
facets of the battalion's responsibilities by incorporating their
interlocking mathematical relationships into a realistic simulation.
Using the goal-programming variation of the Simplex algorithm, the model d

seeks the optimal allocation of the scarce resources to achieve the
commander's goals. Because of the multigoal features of the algorithm,
the model is able to determine the best method of allocating all resources
and achieving the greatest portion of the battalion's objectives, as
prioritized by the commander.

Scope

The scope of the requirement and the nature of the analytical
technique dictated that the BTM be configured for use in a very
sophisticated computer. Once refined and validated, the model should be a
useful tool, not only in analyzing types of issues reflected in the
guidance provided ARTS but also for many other policy issues relating to
training resources and training readiness as well. Significantly, the BTM
will also help battalion/company commanders formulate training programs

and define the resources required to support them. Follow-on automatic
data processing (ADP) efforts should be conducted to reduce the complexity
of the current model so that it can be made compatible with the IBM 5100
romp,iters presently scheduled for issue to some FORSCOM units in the fall
of 1978.

The BIM training program is based on TC 21-5-7 (Training Management in
Battalions), while the resource section Is an expansion of the FORSCOM
Training Management Control System (TMCS). Due to the complex nature of
the program and the press of time, the prototype has been limited to
addretsing Active Component Mechanized Infantry/Armor battalion-sized
LraI diig programs. With refinements, it will accommodate other combat and

( ombat svpport battalions, Reserve Component use, and a subsequent
Aggregation of resource requirements to the DA level. Furthermore, it is
comipatible with zero-based budgeting c(ncepts.

While defining training requiremHrts to allow credible resource
ju~stifications, the BTH does not compromise local command prerogatives by
making these requirements mandatory once resouczces are approved and
programmed. The training progrim Is merely a common sense approach
prepared by seasoned commanders to help insure that units reach required
training readiness. Providing the commander iea, hes this level of
i. adiness within allocated resources, he may coense whatever program he
t' dei.im babJd upon his estL'r,ats ird agno-tfc cvalltion.

I t--2
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The BTh computer program parallels the ARTS model, tracing people,

time, and dollar resources through training programs to trainingI
proficiency and readiness. The program does not address personnel
leadership (PLR), tactical readiness (TACR), logistical
(LOGR), or personnel readiness (PERR) and thus does not pursue the
ARTS model through combat effectiveness (see Training Proficiency,
Readiness and Combat Effectiveness concept paper).

General Description

BATTALION TRAINING MODEL
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Block I of the BTh is the mechanism whereby such things as turbulence
(changes in duty position), officer/NCO fill (trainer grade substitution),
and other training distractors are introduced and related to training
programs, proficiency and readiness.

STANDARDIZED STANDANENaO
TRAUNING DRILL ILATLE DRfILL cokoffo..

GENERAL

ARTEP ARM!

liftz I: WMION MISSION

T'I.' ONIIEI

Turbulence affects a unit by breaking up crews and teams. This
46 engenders requirements for additional training to rebuild the disrupted

crew.
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A percentage of fill affects more than the number of people available
to do a task. When the shortage occurs among leaders, less experienced
personnel must conduct training than would normally be the case.,

% FILL :

4 3 PHANTOM -
MEN PER SOUAD PRESENT FOR T"Al%'t UG? _

Sz::WIFE L REPAIRING M13 GUARD DUTY

There are many reasons for soldiers not being present for training.
While most all the reasons are good, the cumulative effect can be an
unacceptable degradation of the unit's training readiness.

1-5
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Block 2 describes the capability of officers/NCOs to conduct effective
training, and the capability of soldiers to react favorably to the ;
training. This block addresses such issues as the impact of a Specialist
Fourth Class or Sergeant E5 as a tank commander or squad leader rather
than the authorized Sergeant E6, and the effects of less qualified
trainees.

TI'IAINING CAPABILITY

i4j..,

TRAINER TIME AVAILABILITY

REGULAR INSTRUCTOR ATrTENDO TO
MS OWN PRO FtSS;ONAt DEVELOPMENT

B.3

Block 3 addresses the time available for trainers to conduct effective

training and for trainees to receive it. Trainers, whc, are also required

to continue their own professional development, or perform other duties
(guard, CQ, etc.) are often not available to conduct Lraining.

1-6
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Blocks four and five address such resources as unit training time,
ammunition, Class IX ;pare parts, POL costs, and training area/facilities
availability.

RESOURCES /
Aj0 RT

WAR RESERVE U .70&

SPARES REPLACEMENTS

TIME

ICOMNAT - 121,TRAIN
READYI l ............. NO OAYS)

These resources act as constraints, limiting the amount and nature of
training which the unit can conduct.
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The resources described above are allocated to training programs
(block 6), which are described in terms of length of time to train and
required frequency of retraining for ARTEP, soldier's manual and 'mission
tasks--i.e., general defense plan (GDP) preparation, air/rail movement,
civil disturbance, etc.-as well as other training activities such as
large unit field training exercises, skill qualification test (SQT)
preparation, and mandatory training (i.e., Geneva Convention, SAEDA,
etc.).

Times and frequencies are reduced to minimum acceptable levels by
developing the concept of individual/collective task integration mentioned
earlier. Currently, the parameters of this block are so comprehensive and
their relationships so sophisticated that they require an off-line
pre-processing computer program themselves. The essence of integration is

-'a that the training activities a unit must perform are composed of a
relatively small number of unit performance requirements or collective
tasks. Successful accomplishment of these tasks depends on soldiers
performing certain individual tasks. Conversely, these individual tasks
are learned best in the context of performing the collective task.

INiWIDUAL/COLLECkTVi
RELATIONSHIP

BAIIADION COLLECTIVE TASKS

COAPAnY FRE
MULTIECHELON . .---

PLATOON AND
SOIUAD/

CREW MANEUVER -

ENGAGE YME . INDIVIDUAL TASKS
-MOVE AS A MEMILR

-OF ARETEAM '

NMOVE ux!)LR DIAELT flUE ' N.

T%IOUGN 011A3LT

LEUr TEUFO.P.Y POIIOSI

Performance of a given ARTEP mission provides training in performa3nce
of the same mission at different echelons. The same integration occurs
when a collective task is performed at one echelon--some training benefit
is passed to other echelons. This vertical integration in a slightly

1-8



different form passes through logical hierarchies of individual tasks.
Horizontal integration occurs among collective and individual tasks when
the skills developed in one task apply to successful performance of
another task.

INDIVIDUAL/COLLECTIVE
RELATIONSHIP

HOIma IaTomAIo

ARTEP missions are composed off the individual and collective tasks
already discussed.

1-9
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'C Integration also occurs in a "three-dimensional* fashion among thuse

miscions. The skills required to perform the hasty attack are also
required for and developed in performance of the deliberate attack. To a
lesser extent, certain skills are common between attack and defense.

INDIVIDUAL/COLLECTIVE
RELATIONSHIP

.DEFENSE ' ,, 1

""'._. ~~ATTACK , ;'°J.

' , HASTYATTACK/

..-- 0-D. --4-S".'-,--.-..

_II)

.Tis commonalitv permits extensive time and dollar savings through
inregration of training events.

The foldout illustration (last page of Chapter 1) depicts the
contruction of a training program based on integration and commonality.
In Section 1 of the illustration, the results ot a diagnostic AIRTEP
.v3luation are coupled with the commander's 4ud 71,nt to d,'tcrmin the
I) 1 cal groiri-1gs of individual and colVertive ta-,.s 's,:h reiuitte
training. These groupings form training drills (Section 2) and battle

drills (Section 3). The training drill, orie:ited _n the more basic
skills, normally Is a forerunner to the battle drill and is conductec Ii
the garrison environment. The battle drill, conducted in the field,
provides the opportunity to exercise the integrated ;Kills under varyl :,
cnditions in a series of tacical problems. ' ctton i illustrates the
c3rner in which different combirationq of a few V't- hlt,le drills
provide the leatning experience required for sucessft completion ot the
more numerous ARTEP missions. Siice the ARJT.P missions are the building
blocks which comprise the elements of the unit's general defense .anA-. (GDF) and other possible contingencies, the trainlag prgram Is cot;letc

-p 'C'~when the ARTEP mission associated with the GIP and contingencies are
'perfor.,ed rompeteatv.

M6 I-
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For the present, training program accomplishment (block 7) is
considered attainment of training proficiency. The BTM has been designed
however, so that as the SQT testing program (individual proficiency)
matures, and the instrumented battlefield (National Training Center) and
sophisticated engagement simulation (MILES) become available, these
proficiency ratings can be factored into the model. Training readiness

(block 8) is expressed in terms of one baseline--the training time
required to achieve 95 percent battlefield training proficiency (fully

combat ready).

TRAINING PROFICIENCY
INDIVIDUAL VRINCATION UNIT VuarncIIqCA .0

TRAINING READINESS ,.

RESERVE
COMPONENT oo, 30-* 33 OAYS Of TRAINt,00
ICONUS) *0" ,ti PRIOR TO COMSAT

ACTIVE
(CONUS . S IS OAYS OF TRAINING(CO S PRIOR TO COMBAT

ACTIVE
FORWARD 6% 1I DAY TO COMSAT
DEPLOYED

,.nce people and dollar resources are factored into a precise training
program described by tasks, times and frequencies of repetition, the model
will determine how many days are required to execute the program. If
theie days can be accommodated by the unit's master training schedule,
then the unit is regarded as Dn-I, ready to fight and win tomorrow-the
highest possible readiness rating. If its training schedule falls short
by 15, 30, or 60 training days, the unit has a readiness rating cf Bn-15,
Bn-30, or Bn-60, respectively. Thus, the number associated with the
rating indicates the days of training required between warning order and

deployment for combat.

1-11



a.,

a.. Concept of Operation

The model has a capability of making many different types of analyses.
It can describe the impact of varying levels of turbulence, officer, Cu
fill and present-for-duty strength on training readiness levels. It can
describe the impact of officer/NCO professional development and of vwrying
levels of soldier capability (mental category III versus mental cate6,,ry
IV) on readiness. It will demonstrate the impact of reduced dollars,
time, personnel and, eventually, training areas. For given conditions
(i.e., turbulence, fill, present-for-training strength, etc.) and stated
levels of resources and readiness, the model will describe an optimal
training program in terms of tasks, times, and frequencies.

TRAINING DISTRACTORS
NOT PRESENT FOR TRAINING TURBULENCE

REDUCFD DOLLARS

TIME
PEOPLE

SRESOURCES

TRAINING PROGRAM
TRAINING PROFICIENCY

TRAINING READINESS

V,*n IF. ~4N r IV h V A K AL Yt l

W The model is also capable of addressing many difterent parametr value
changes, and of optimizing several changing parameters simultaneously.
For instance, it can address whether DA can overcome the etfects of
turbulence, turnover, and soldiers with lower mental capabilities by
increasing timp and dollars. Simultaneously, the BTN can outline a
suitable training progrln (t sks, time, ind frequencies) and rsr-

d. (time and dollars) to accomplish the training required for varying
readiness levels. In short, the HTM will be capable of performing
credible analyses of most policy issues that impact training readiross,
and, as a premium, provide a ustul tool to help local commanders -'.e
important training program and budget decisions.

1-12
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Methodolojy & Data

There were several reasons for formulating the BTM as a goal program.
It was readily apparent that the interactions among all of a battalion's
resources and requirements were too complex for manual analysis. An
automated simulation was a necessity, because it could describe
mathematically the required relationships. In addition, a modeling
approach was desired which could assist in finding optimal or, at least,
efficient resource allocations. Linear programming was considered because
it has been used in this manner for analyses of petroleum production,
transportation and marketing problems. The linear programming approach
was also appealing because it is the basis of the FORSCOM Training
Management Control System. Simple linear programming, however, is not
well suited to a simulation of the battalion's situation, comprised as It
is of a multitude of goals and constraints expressed in different units of
measure.

Goal programming, an advanced variant of linear pr,4rammlng, satisfied
most of the ARTS' needs for an optimality-seeking simulation and avoids

most of linear programming's shortcomings. It can cope with a comhina in,
of incommensurable goals in its objective function because the goal
programming algorithir. seek's to minimize the differences between desired
and actual activity levels -e.g., between resource requirements and
available resources. The comparisons are each made within their own
specific unit of measure, and then transferred int,, the ,ib .t.ve f i r.
as absolute values. Goal programming can seek to achieve a given .eve.,f
training or other activities for a minimum of resource expenditure.
Conversely, it can allocate a fixed set of resources (dollars, time',
mandays, and equipment) to a variety of activities t) achi.ve tht, mayikr.
possible level of activity for the constrained set of resources. Si n, e
each deviation is, by definition, compared wl th a g ,al or (onstrat t
expressed in an identical unit of measure, it is possibl,, t,. tre it a.
deviation as an absolute value when transferred Into the obje, tive
function.

As an additional advantage, goal programming providts sigllfi. t
flexibility and power in the desc rip! ton and control of de, islui r s I
priority structure. A decision maker -in ,lace sl':,le ord inal r . .
the relative Importance of achieving different goals. The algorithm will
satisfy the most important goals first and accomplish lesser gia,' n
the extent that they do not detract from previous, more ".r;,,rttnt
Alternatively, it is possible to plate weighting fa( trs tn the -nt-

parts of a training program within one, of the ma ',,r ri r,' rcat.,: .
If a decision maker can atta h spe, ift >ctrn ,,l ei t- t, tit
impurtan,.e of the different parts f Lhe ztr.,i. g 'ti 1,1~M, ti.e. i.,
can reidily acco,"nodate thf,& wghtln, fa,-tors.

4' **,**, ',.. ,... ,, . .. * ,. ,,



* Using the goal programming approach, each aspect of the battalion's
training environment can be expressed in terms of simple linear algebra.
The simple algebraic expressions are linked using balancing equations
within a matrix format, employing the modified Simplex algorithm which
drives a goal program. The requirement for linearity poses a requirement
to express some nonlinear relationships in terms of related, linear
functions. For example, proficiency decay, which is non-linear, is
expressed in terms of the linear function, required training repetitions
per year.

To realize the full potential of the BTM, further extended
developaental effort is required. The incomplete areas mentioned in
Chapter II, particularly training area/facilities, should be developed and
.. soft" areas, particularly equipment usage, refined significantly.
Furthermore, that part of the training program relating to integration
should be placed on line with the remainder of the model. In its present
configuration, the BTM is a research tool, requiring a high degree of

. expertise to use. It is suitable for use by senior headquarters supported
. y analytical personnel. As It is also intended for eventual use at the
.nlt level, it will be necessary to develop a greatly simplified and
miniaturized version that will be compatible with the ADP support which
will be available to field units.

A follow-on data collection effort is also required. Individual/
11lective task integration factors tormulated by the ARTS group and

outlined in Annex F, G, and H require validation, as do the costs per type
training day based on field estimates and Training Management Contrail
System (ThCS) data. Further rigorous tests confirming proficiency as a
function ot frequency are also required. Current survey data is

.- sidered reasonably reliable but, where pussible, it should be supported
, by analytical tests, particularly in relating turbulence,

Presert-for-trainlng grade substtituti)n, and mental category levels t.,
traintng frequency and proficiency. Lita relating to time and frequency

f repetition for both individual and collective tasks fur which current
survey correlation factors are marginal, should be derived from other
analytical tests. before current sensitivit) analyses are used for
Irportant decision making, all urrert data should be verified t-v artther
-,rvey . exploit lg meth dological advances !earned thru~ti admlr,:strat ,ur,
.,t the Battalion Training Survev (see Chapter II). Suh a survey ould
also address Artillery, Signal, and Maintenance battalion tasks in
,dditir. to tl~e fhanied Infantry and Armor battalions. Finalfly, ar.

urgent requirement exists ftr the conduct of trou tests relating
equipment availabilIty fac tors t, 'raining programs and profi,-iency.

D d~p# -JqdE.. ._ ...... -'--



Chapter 11

DETAILED DESCRIPTION

The following sections outline a detailed description of the BTM.
This discussion addresses pertinent definitions, assumptions, sources of
data, model formulation and general considerations for each area of
interest.

Training Readiness

It is not now possible to measure a unit's ability to employ its full
combat power to consistently defeat an opponent whose equipment is quali-
tatively equal and whose numbers are greatly superior. Verifi ition of
this combat capability must be deferred until the combination of indepen-
dent tactical evaluation teams and an instrumented battlefield, such as
the pruposed National Training Center, permit an objective assessment.
' ntil that time, the most readily available measure of training readiness
is the degree to which a unit is able to maintain the level of training
a-tivity mandated by the training regimen determined to be necessary for
success on future battlefields. The Battalion Training Survey outlines
such a regimen, the consensus of an Army-wide cross section of selected
:r.'antrv and Armor Ieaderstrainers. The training is expressed in terms
of duration ard annual frequency for the missions in ARTEP 71-2, the
rollectlve tasks derived from that ARTEP, and the appropriate individual
taski outlined ir soldier's manuals. Since each training activity can be
related to resources, and readiness requirements can be expressed in terms
t prv .qui ,ite training, it is possible to identify the training

resc lrces necessary to obtain different levels of readiness. Although the
1,.- :etweun resourtes and readiness is drawn from the best information
~.ldble, it is nonetheless based on subjective survey data rather than

hard, contirmed testing. There is a need for extensive troop testing to
determine the actual required level of unit proficiency and to verify the
adequacy of the training requirements stated by the respondents to the
Bittal i r. Training Furvey.

TRAINING PROGRAM TRAINING PROFICIENCY
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The Army probably does not need and the country almost certainly
cannot afford to maintain every unit at a constant level of proficiency
commensurate with full combat capability. Many, perhaps most, units will
have a certain cushion of time between first warning and actual
performance of their combat missions. If strategic planners can disci-
pline and stabilize their deployment schedules, unit commandets can
estimate their available training time and the training which can be fit
into that time. The post alert training program could consist of high-
cost skills which can be achieved fairly rapidly. A good example is the
training of TOW gunners, which is rapid but expensive. Thi'i post-alert
training program establishes the tasks, times and frequencies of repeti-
tion which the unit can reduce from its pre-alert training program without

>1 jeopardizing the unit's ability to achieve a combat-ready level of
proficiency prior to entry into combat. The resultant reduction in
pre-alert training can be quite dramatic because of the interaction among
rapid train-up packages (see TEA Volume), skill decay curves, and the

0corresponding reduction in the steady state proficiency required during
the pre-alert period. This concept is developed more fully in the Reserve
Components concept paper and is the subject of several Battalion Training
Model sensitivity runs (Chapter IV).

Under this concept, a finite number of training days can be used to
identify the time required to reach full combat readiness (95%). Thus for
the purpose of this model, a battalion that requires 5 days of training to

. be fully ready will be earmarked as Bn-5; one which requires 20 days of
tr3ining wi.3]] be regarded -s Rn-20.

TRAINING READINESS ARM

RESERVE $1
COMPONENT . I 1 , BN-30=30 DAYS OF TRAINING
(CON US) , 3 2.2 PRIOR TO COMBAT

(CONUS) 2 2+-=+% 302a 2

ACTIVE is%V3 ACNVEiii 1B -15=15 DAYS OF TRAINING
(CONUS) PRIOR TO COMBAT

ACTIVE -
FORWARD N- 1 DAY TO COMBAT

DEPLOYED
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Training readiness is not addressed as a set of equations in the BTM,
but as the result of two runs of the program. The first run determir.es
the training which can be conducted in the period between alert and entry
into combat. The procedure for accomplishing this is explained in detail
in the discussion of sensitivity analysis (Chapter IV). The general
process is to fix the maximum time for training at the desired number of
post-alert days, request completion of a specific training program, and
require the greatest possible fund expenditure--in effect time not dollars
becomes the dominant resource. The BTM will then select the most expen-
sive events for post-alert training. By planning expensive training
events after the alert, more time can be permitted between repetitions of
the expensive events during the pre-alert or sustainment period. As an
example, the platoon shoot battle drill is the most expensive drill
because of the ammunition it consumes. In the Battalion Training Survey,
the Army's trainers stated that if the time between training repetitions
were doubled, the duration of the training required to regain proficiency
would be increased by one third. Thus, if the training time for each of
the events contained in the post-alert training program is increased by
one third, the time between repetitions for those events during the pre-
alert sustainment training can be doubled and the number of annual repe-
titions halved.

This reduction in training might produce dramatic peacetime savings.
However, it should be adopted only with extreme caution. The approach is
viable only when all Ammunition, POL, and repair parts are stockpiled;
there is confidence in the estimated warning time; and training range and
facilities will be available simultaneously for all units whose training
has been decremented. If there is no solid assurance that these condi-
tions will be met units will not be able to compensate during post-alert
training for decremented pre-alert sustaining programs, and the decre-
mented programs cannot be accepted.

Training Program

This section will discuss the conceptual framework upon which the
training program requirements were formulated. It will further discuss
the analytical parameters used in the formulation, the sources utilized to
obtain data for them, and the data which was used to package and schedule
the training progam currently being used for sensitivity analyses. The
training program was structured for a mechanized infantry battalion task
force, training with a tank unit for combined arms training. Subsequent
analysis should address the few modifications required to address an Armor
battalion training with a mechanized unit attached.

11-3
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Conceptual Framework
,A *

The basis for the conqeptual framework rests within the Unit Training
Program concept paper. This framework focuses on time and frequency re-
quirements for individual and collective tasks and ARTEP missions, with
particular emphasis on the integration of the individual and collective
tasks of the ARTEP missions in order to reduce these requirements and
retard learning decay.

Complementary individual and collective tasks are aggregated and
taught through battle drills and training drills. The former consists of
a series of tactical problems described in the context of varied combat
conditions. Solution of each problem requires execution of specific
individual and collective tasks. Battle drills, embracing realistic time,
distance, and condition factors, must be taught in a field environment.
Training drills, which teach the basics of the essential battle drill
tasks, embrace reduced time, distance, and condition factors, and are
taught in garrison as a prelude to battle drill training. Training drills
are focused at the crew/squad level and are designed to be taught by
NCOs, while battle drills are focused at platoon/company level and are
designed to be taught primarily by officers. When time, dollars, facili-
ties, or availability of trainers preclude conduct of battle drills,
training drills can be executed in their place, although it would result
in a significant but not total loss in training proficiency.
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Battle/training drills are grouped into ARTEP missions through
clustering and an application of varying conditions (i.e., Europe, woods,
night) and standards (i.e., 95% proficiency (Bn-1), Bn-30, Bn-60, etc.).

To determine precise training requirements, specific tasks, time to
train these tasks, and the frequency of retraining required for skill
retention must be identified. In determining the latter two--times and
frequencies--integration performs a significant role. By allowing more
than one task to be trained simultaneously, total training time require- I
ments are reduced. Simultaneous training offers several benefits:
Individual tasks can be taught concurrently with collective tasks; some
collective tasks can be taught with other collective tasks; and some

individual/collective tasks and ARTEP missions can be taught concurrently
with other ARTEP missions. Isolation and quantification of these relation-
ships is essential for accurate determination of required times and
frequencies.

INDIVIDUAL/COLLECTIVE
RELATIONSHIP
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Data Sources

To formulate a training program for the BTM, the determination of
precise tasks, times, and frequencies for given unit conditions and the
relationship of these elements to resource elements were required. Data

. for this effort was gained from four primary sources: (1) Battalion
Training Survey, (2) "Best Battalion" Costing Program, (3) the Training
Effectiveness Analysis (TEA) '78 Program and (4) the Army Training Survey.
Other sources such as the Total Tank Systems Study, Individual Extensive
Training Study (lETS) and the Army Training Board's Individual/Collective
Interface Study were useful in providing data and establishing suitable
methodology approaches for the other data source programs.

The Battalion Training Survey, through aggregative techniques, ob-
tained input data (time and frequencies) for all ARTEP 71-2 (Mechan- (QL3)
ized-Tank Task Forces) individual/collective tasks and ARTEP missions.
The data acquired was based on the assumption that units must achieve 95%
proficiency or the ability to execute successfully all ARTEP tasks to 95%
of the TOE capability of the unit, its weapons and its soldiers. (QL4)
Aitswers regarding the impact of unit conditions (i.e., turbulence/turn-
over, etc.), training integration (e.g. times and frequencies) and
proficiency were determined. This survey is the primary data source for
the BTM. A further elaboration of its scope and results is included

- later.

The "Best Battalion" Costing Program, a representative study, embraced
- ,,e costing of training programs of two mechanized and two tank batta- (QL3)

lions each in the 4th Division (Mech) at Ft Carson and the 3d Armored
Division in the Federal Republic of Germany. This effort identified the
average time, dollar, and people costs of unit training-related

"" activities. See Annex B.
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Time costs were addressed by determining the number of days spent on
battalion and company field exercises, gunnery, mission (i.e., ammuni- (QL3)
tion uploading, air/rail movement, etc.), soldier's manual and
non-soldier's manual (e.g. mandatory training) training. Other time costs
associated with maintenance and non-training activities were also
determined. Unit dollar training costs were determined by addressing (QL4)
ammunition, Class IX spare parts, and POL utilization. Ammunition costs (QL3)
were estimated by applying ARTEP guidelines to training events. Parts and
POL costs were determined by applying dollars per mile/hours of operation
factors to the number of vehicles/items of equipment utilized per type (QL3)
training. Personnel factors were addressed by scrutinizing records to
determine officer/NCO fill, turbulence and not-present-for-training
figures.

Time and dollar parameters identified during the costing effort
provided insights for developing BTM parameters and units of measure.
Actual data relating to gunnery, mission training, non-soldier's manual
training, SQT preparation, maintenance and parts/POL costs per type
training day were applied directly to the parameter values concerned.
Results of the personnel costing effort were used as guidelines in
adjusting the baseline training program to frequency standards that would
lead to 95% proficiency, but which also would prescribe personnel
conditions which could be accomodated by both the field and the Military
Personnel Center (MILPERCEN). For more detailed information concerning
this costing program, see Annex B.

The training effectiveness analysis (TEA) '78 program will eventually
provide accurate data for the BTM. It addresses time and frequency ques-
tions for many individual tasks and some collective tasks; as well as
provide high confidence answers on turbulence, trainer/trainee capability,
integration and similar issues. The tests address not only Armor and
Mechanized Infantry skills, but Artillery, Ordnance and Signal unit's
skills as well. MOS, command group, weapons systems and Reserve Component
issues are also addressed. As these data are received during summer and
fall 1978, they will be processed and used to refine the survey data
already in the BTM. Follow-on TEA efforts are being recommended to fill
data voids and verify data currently being used in the model (see TEA
Summary Volume).

The ARTS Army Training Survey represents the last major source of data
for the BTM. It has provided attitudinal data relative to turbulence,
turnover, present-for-training and training guidance which has been
pivotal in the packaging and scheduling of training tasks. This is
covered in later paragraphs.

11-7
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*Battalion Traininj Survey

W4

This survey, its findings, and final report are compiled in a separate
volume. The BTS provided the majority of the data for the training

7program section of the BTM and was of overriding importance to current
J" sensitivity analyses. The survey included data on the acquisition of time

and training frequency relative to individual/collective tasks and ARTEP
missions, and identified the impact of such issues as varying proficiency
levels, integration, turbulence, not-present-for-training, trainer grade
substitution and soldier capability on these times and frequencies. For a
complete listing of the sensitivity factors, see Chapter IV. Finally,
survey responses provided a meaningful tool to change training progams as
time, dollar and people resources are decremented.

V
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Certain critical features of the survey should be noted. First, it

addressed only the .chanized Infantry/Armor task force. With the number
of tasks to be addressed and the sophistication required of the m6del, it
has been impractical to address other battalions within the time limits of
Phase I of the study.

Second, certain constraints were necessary regarding the manner in
which individual tasks were aggregated. With some thirty MOS in the

Mechanized Infantry and Armor battalions, and approximately one hundred
individual tasks associated with each one, it was not realistic to acquire
time and frequency for each task. Accordingly, it was assumed that if a -

battalion had sufficient time to train its lIB or 19D scouts, it had
sufficient time to train the personnel in the remaining MOS. This
assumption can be made with some assurance since the IIB/19D scouts have
the most tasks associated with their MOS and the personnel assigned to
these positions do not have a better than average learning rate. All

skill level I IIB/19D tasks were addressed, as were 40 percent of the
skill level 2 tasks. The latter tasks were included because it was

assumed that it would be mandatory for some duty time to be programmed for
the professional development of E4's and ES's. High-cost individual
skills for MOS other than 1IB/19D skills, such as TOW and mortar firing, r.
were also included. Based on the aggregations and simplifying
assumptions, the survey requirements can be considered to address lUG
percent of the training time costs and 90 percent of the dollar costs.

The Battalion Training Survey was administered to 277 officers and
NCOs who were currently in mech/armor trainer positions or had just left
such positions. Respondents represented battalion and company commanders
and battalion S-3s from eight battalions each in the 4th Division (Mech)
at Fort Carson and the 3d Armored Division in the FRG. Other respondents
represented students and faculty from the Army War College, CGSC and the
Sergeants Major Academy. Institutional responses were received from the
two surveyed divisions, III and V Corps, and the Infantry and Armor
Sc hoo I s.

The survey was administered in the field by Army Training Study Group
personnel to the smallest groups possible to obtain maximum response
accuracy. In the case of Lhe two div isi'ns, the survey was delivered to
groups of six, battalion by battalion, step by step. Rater reliability,
survey credibility and response accuracy were further ensured by contract-
ing survey design and processing to a civilian firm with excellent creden-

tials in the field, by daily quality control by ARTS personnel throughout
survey design, administration and processing, as well as classroom in-
struction and daily administrative coordination meetings. Prior to Its

administration, the survey was approved by DA MILPERCEN (approval number
MSP-78-18) and reviewed by ARI and the Infantry and Armor Schools.
Letters from these schools attesting to survey credibility are attached at
Annex D.
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'k ResIonse to the survey was largely xpsitive. Although complicated and
requiring 3-5 hours to complete, it was well received by most in the
field, particularly by the incumbent unit commanders and S-3s. The
.. tgregation of individual tasks and the breakdown of ARTEP missions into
collective tasks were also received favorably by the respondents. Signi-
ficantly, survey results displayed remarkable correlation and represent
tte Arm's best available data with regard to the precise training
reu,"-iumrints of a mech/tank task force.

Detailed survey results and analysis are outlined in the Actuarlal
Ft scarch C(orporation's final report, which is incorporated into a separate
A*'. volume. Some of the findings are especially notable and are worthy
-. A .ighlighting here. The respondents weighted most ARTEP missions and
..llective tasks equally. Where distinctions were made, they were made

s.ith a decided tilt toward defensive, rather than offensive, tasks and
rissi ns. The field placed high importance on maintenance and leader/com-
-nder tasks but relatively low importance on reconnaissance, security,
nd coxhat support (i.e., artillery, tactical air, engineer, etc.) tasks.

- kAo ter result of the survey was that the respondents felt that a
r-.iin awount of turbulence, grade substitution and not-present-for-

trlining strength could be tolerated, but that there is a breaking point
in each category beyond which the unit simply cannot remain combat ready
.. ithin any feasible amount of training time. These breaking points appear
t . be 2.'% turbulence per quarter (approximately 107 turnover), 201 not-
-'.ent-f.r-training, and i5- leader grade substitution (85. offier NC'
til). Fur sensitivity analysis confirming these points, see C aVter IV.

A third result was that Armor respondents opted for 50% of available
tim,. for maintenance, while Mechanized Infantry resp ondents opted for
i_7%. This is considerably more than the 21% actually being conducted by
th e units that were involved in the "best Battalion" Costing Program. The
-- 'intenance times chosen by the respondents are not compatibl& ;ith the
I Ites and frequencies the same respondents indicated were required for
t atical training and gumnery.

.ther notable findings pertain to training level emphasis , inteera-
..'- won, time to train versus time to retrain and time to train mental

.tegory III personnel versus mental category IV per:,.nnei. Regarding
training level ephasis, the respondents favored, in priority order, 41.
platoon, squad/crew, individual, company and battalion training when

s ,rade-oft decisions relative to resources had to be made. Initial ti-P to
- tain a skill was foutid to be approximately double t .at required to rein-

force the skill at a later date to make up for learni:ig de.dty. This pint
has important ramifications for training efficien;'effectiveness in tie

%I .. iLtution versus in units, and a scnbitivity an 1  ',,- 3 been c-rdjted
On this issue (see Chapter IV). The final notable finding is that the
I rvey respondents believe that it takes significantly mure time and

- frequency to train lower mental category personnel. A set.iutivitv
analysis of this matter has also been condu ted tee Tha,.ter IV).
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Program Formulation

Applying the data outlined above to the conceptual framework described
for the BIN, a first generation training program was formulated. Tasks, -

times, frequencies and integration data for specific unit personnel condi-
tions, as determined in the Battalion Training Survey and amended by TEA
'78 hard data, were molded into battle drills and ARTEP missions in con- "

sonance with attitudinal data outlined in the ARTS Training Survey. The ,
training program was rounded out by applying "Best Battalion" Costing data
relative to training, maintenance, mission and gunnery tires. Annex E
presents the battle drill formulations for each of the following: Shoot,
Move, Communicate, Fire and Maneuver, Reconnaissar.ce and Security, Battle
Positions, Sustain, Support, Military Operations in Urban Terrain (MuCT)
and NBC. These battle drills are made up of one or more of the collective
tasks found in the survey, plus the complementary individual tasks which
should be trained either concurrently or sequentially. The initial time
and frequency for each drill is indicated and was determined by adding the
times of the individual and collective tasks and taking the worst case
fcequency within the 95% confidence limits.

It should be noted that times and frequencies of the individual, crew,
squad and platoon tasks are factored into a single battle drill called

platoon battle drill, while company tasks are consolidated into a company
battle drill. Separate, high-decay individual task elements were formu-
lated when the frequencies of these tasks would have driven the battle

-rill frequencies to an -over-kill" status.

INDIVIDUAL/COLLECTIVE
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be achieved in t he f ield. Collective task vertical 1ntegratton 11.e.,
training credit a squad received f,r performlrg in .I dtkot , cum- try arid

battalion exercise) was already bubsumed in the Battaliun Trdinirig Survrey

Part IV data. Individual task vertical integrati,,n (i.e., trai-,,Int cvdiLt
an individual task receives for its performance 'T crt6, sylaa, plat,,On

exercises, etc.) was achieved by linking these tasks to each frtu-uen y _f
the collective tasks within the battle drills. Collective tasK hbri7 ,itdl

integration (i.e., training credit the tactical movement task receiv-s

when the fire and maneuver or reconnaissance task is exercisked) Was
achieved through use of the table in Annex F. This table was develo*.d b

Army Training Study Group personnel; survey pre-tests and expert advice
from outside agencies indicated that this was too suphisticatea a concept

for inclusion in the initial survey to generate data. Including this in
addition to everything else could have compromised the validity of the
overall effort by "overloading" the survey.

Once battle drill times and frequencies were established, the ARTEP
times and frequencies established by Battalion Training Survey results
were reduced by the integration factors found in Annexes G, H, and 1.

Annex G outlines ARTEP vertical integration factors (i.e., training credit
for squad movement to contact when such exercises are conducted in the

platoon, company, and battallon). Annex H also outlines ARIEP three

dimensional integration factors (i.e., the frequency credit which a
platoon receives for hasty attack when company and battalion deliberate

attacks are conducted). Annexes G and I di-splay battle drill to ART P
integration factors (i.e., the training credit a company receives for

deliberate attack when company and platoon battle drills are conducted).
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Battle drills and ARTEP times and frequencies were reduced by the
integration factors indicated above through use of several computer runs.
The results are attached at Annex J. Basically, the runs indicatod that
battle drills are an efficient training msdium--ao efficient, in fact,
that they negate the training requirement for conducting the ARTEP
missions. A training program with no ARTEP missions is unacceptable,
however, because the linchpin of the battle drill concept is the use of

diagnostic ARTEP's. Quarterly 3-day battalion multiechelon ARTEP's were
included in the program. .,.

In addition to the training/battle drill and individual high decay
task times and frequencies outlined in Annex E, and the four 3-day
diagnostic ARTEP's, the training program includes a nunber of other
scheduled events. The *Best Battalion" Costing Program provided data for
three of these--mission tasks such as rail/air movement (8 days), (QL3) -.

SQT preparation (5 days) and non-soldier's manual individual tasks (6
days). The costing program also provided data for a maintenance program
which, although not training, must be factored into the year's schedule.
The maintenance program is explained in detail later in this chapter.

Another element of the program is gunnery, which is an integral part
of the shoot battle drill. As such, individual arms qualification

exercises are conducted once a year. Verification of proficiency is
conducted three times a year. Crew-served weapons are fired once a
quarter, one period for qualification and three periods for proficiency
verification. The three familiarization periods can be a combination of

live fire abbreviated tables and sub-caliber firing. Two separate shoot
battle drills have beer, formulated, one for a Mechanized Infantry
Battalion and one for an Armor Battalion.

Further, one company, and one battalion-level combined arms live fire
exercise (CALFEX) is conducted per year. A number of other training acti-
vities, such as leader training, division and brigade FTX's, etc., are
discussed in detail in a subsequent section of this chapter.

Model Formulation

After the training program was formulated and scheduled, it was
applied to the Battalion Training Model, where it is expressed as a series
of equations. The row and column values referred to in this and subse-
quent sections address the BTM as used for conduct of the ARTS sensitiv-
ity analysis. See Annex A.
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The first requirement is that the unit conduct four ARTEP diagnostic
evaluations per year. Thus, the following equation results:

X1-4; Avoid negative deviation from the goal of four repetitions.

The allocation of time, instructors, and ammunition is addressed in
detail in subsequent sections. For the present discussion, however, note

, that each repetition of an ARTEP diagnostic evaluation requires the con-
sumption of three battalion field training exercise (Bn FTX) days, $88,985

worth of training ammunition and 332 instructor man-days (MDYS). These
parameters and values are factored into the model in the following
mariner:

Coeffic ient
NAME Variable Value Source

Bn FTX Days X78,1 3 ARTEP 71-2 Abbrevi-
ated Evaluation

Ammo $ X83,1 $88,985. ARTEP 71-2 Ammuni-
tion Guidelines

Trainer MDYS X102,1 332 See section on per-
• sonnel

The following definitions apply:

Bn FTX Days - Calendar days in the field devoted to battalion-level
activity

, Ammo $ - Requirement for all types of training ammunition
expressed in dollars

.€C Trainer MDYS - Requirement for officer/NCOs to prepare, conduct and
supervise training, expressed in man-days.

Use of the ARTEP as a diagnostic evaluation tool, in conjunction with
the Commander's judgement, defines the skills which must be developed or
refreshed through use of battle drills. Should it be desired to use AKTEP

.P missions as the vehicles for the conduct of training, the BTM can
accomplish this. A position is provided for each of the missions of the
pacing subordinate units of the mechanized or tank battalion. For the
mechanized battalion, these are the Mechanized Infantry squad, platoon,
company and battalion. The equations are in the following form:
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Xi j. bi ; avoid negative deviation from b i

where Xij . the appropriate ARTEP mission

bi . the annual frequency of training for ARTEP mission
mandated by the Battalion Training Survey and the require-
ment for integration

ij - row and column designators taking the values 2-39 in unison
4 (X2,2; X3,3; X4,4; etc.)

If the ARTEP section were used, it would be necessary to insert values
for the appropriate training activity days, ammunition requirements and
trainer mandays in the following manner:

Name Coefficient Variable Source, if used

Bn FTX days a78,j Xj Battalion Training Sur-
vey (BTS)

SUE FTX days a79,j Xj BTS
CPX days a80,j Xj MACOM, Division guidance
TEWT days a8l,j Xj
Garrison days a82,j Xj BTS
Ammo $ a83,j Xj ARTEP 71-2
Trainer MDYS a102,j Xj See discussion on per-

sonnel

Definitions for the days used in these formulations are:

SUE FTX days - Calendar days in which all subordinate units, company
and below, are in the field and engaged in training

oriented toward developing proficiency at company
level and below.

CPX days - Calendar days in which the company and battalion
command elements are engaged in command post exercises
or 5 lmilar activities, such as battle simulation.

TEWT days - Calendar days in which the unit chain-of-command is
engaged in training exercises without troops.

Garrison days = Calendar days devoted to classroom or similar training
which consumes few or no dollar-sensitive resources.
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Unless otherwise noted, all training time requirements are divided between

field and garrison training on a .75/.25 basis. Seventy-five percent of
the required training hours specified in the Battalion Training Survey are
allocated to field training and 25 percent to garrison training. Although

training time is planned in hours, resources are most easily allocated to
* days. Both USARELJR and FORSCOM have developed cost factors in terms of

days. To be compatible, the training hours from the Battalion Training
Survey are converted to fractions of a 10-hour field day or an 8-hour
garrison day in the BTM.

Battle drills make up the bulk of the individual and collective
- - training program. They appear in the BTM in exactly the same manner as do

ARTEP missions for training. For instance:

Xij - bi,j; avoid negative deviation from bi

where
Xi,j . the appropriate battle drill

bi = the frequency of training mandated by the Battalion Train-
ing Survey and the requirement for integration

i,j = row and column designators taking the values 40-56 in
unison (X40,40 ; X41,41; etc,)

Each battle drill requires the following resources:

. Name Coefficient Variable Source

SUE FTX days A79,j Xj BTS, battle drills
TEWT days A81,j Xj BTS, battle drills
Garrison days A82,j Xj BTS
Ammo $ A83,j Xj ARTEP 71-2
Trainer MDYS A102,j Xj See personnel section

for j = 40 through 56

Most of the battle drills consume SUE FTX days for that portion whirh is

field training. The support battle drill is comprised of leader training
and the pertinent field time is taken as equivalent to a training exercise
without troops. The shoot battle drill is unique. It requires different
amounts of Lime for different weapons systems. This drill, for Mcchanized
Infantry, at the platoon level, requires small arms, TOW, mortar, and
garrison days. At the platoon level, the battalion requires small arms,
scout, TOW, mortar, tank main gun and garrison days.
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The other training events mentioned earlier trder program scheduling
are treated as follows:

a. Other battalion training represents FTX's other than ARTEP
diagnostics.

Other Tng X57,57 = 12 days; avoid negative deviation from 12.
Each such day consumes one Bn FTX day.

b. Leader training; CPX, gaming simulation, etc., receives 48 days.

Ldr Tng X58,58 - 48 days; avoid negative deviation from 48.
Each day of leader training consumes one CPX day.

c. Formal classes for the development of noncommissioned officers are

conducted one afternoon per month, giving the equation.

NCO Tng days X59,59 - 6; avoid negative deviation from 6.

d. Athletics and recreation are scheduled 4 hours per week during
garrison training time.

ATH and REC X60,60 = 20 days; avoid negative deviation from 20.

e. SQT preparation is time formally set aside to prepare for and con-
duct the SQT. The "Best Battalion" Costing Program indicates a need for
at least the 5 days indicated in the model. It appears that many Army
units spend far more than this for SQT preparation. However, the
seemingly low figure was entered into the model because of the anticipated
benefits from the intensive individual skill training integrated into the
battle drills.

It is not sufficient that the unit as an entity receive SQT prepara-
tion. Rather, it is necessary that a high percentage of the applicable
personnel be afforded the training. If the commander's goal is that 90%

of his personnel in grades EI-E4 receive a full 5 days of training and
only 45% of the unit is present for training on any given day, the
instruction must be provided at least twice. The BTM addresses the
problem in the following manner:

1. Conduct SQT preparation once.

SQ prep RQT X61,107 1 1; avoid negative deviation from 1.
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2. SQT preparation is complete when 90% of the assigned EI-E4 have
received the complete program.

(a) Calculate assigned strength.
EI-E4 X114,64 - 536; avoid positive deviation from 536.

(b) Assign a balance ratio to % SQT prep completion.

Complete SQT prep - .90 (Assigned EI-E4)
- .90 (Assigned E1-E4) + Complete SQT prep - 0

- .90 X66,64 + X66,107 - 0

(c) Calculate the % of EI-E4 present for SQT preparation during X, Y,
Z days. For the BTM sensitivity analysis the % present for training
during X, Y, Z days is held constant because of the need to investigate
precise effects. In reality, one wuld expect the % present for training

to be different during X, Y, or Z days. (See Annex B).

EI-E4 present during X, Y, or Z days = (average percent present during

X, Y, Z days) (total number assigned)

2". - (average percent present during X, Y, or Z days) (total number

assigned)
+ (EI-E4 present during X, Y, or Z days) - 0

X days - .75 X105,64 + X105,67 - 0

Y days - .75 X108,64 + X108,70 - 0

Z days - .75 X1ii,64 + XI1I,73 - 0

(d) Calculate SQT completion if the training is conducted during X,
Y, or Z days.

% completed during an X period - % present for training/X period

- (% present for training/X period) + (% completed during an X period)
= 0

- X68,67 + X68 ,108 - 0

- X69,70 + X69,109 - 0

- X70,73 + X70,110 - 0
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(5) Balance the SQT prep requirement against the SQT prep completion
in X, Y, Z time.

- (SQT prep Rqmt) + (SQT preplX days) + (SQT prep/Y days) + (SQT prep/
Z days) = 0

- X67,107 + X67,108 + X67,109 + X67,110 = 0

3. Each repetition of SQT prep consumes X, Y, or Z days as appropriate,

as well as ammunition and instructor mandays.

4. The requirement to complete a full SQT preparation will cause the BTM
to seek the most economical means to allocate the available X, Y, or Z (QL4)
days in sufficient quantity to ensure that 90% of the unit is exposed to a
full 5 days.

The shortcoming of this approach, however, is apparent. Personnel
absent from training during any given day are not necessarily present on 9
the following day. Thus, some personnel (those normally present) receive
unnecessarily lengthy training, while chronic absentees receive little or
none. Until the model can be refined, however, the SQT preparation sec-'
tion provides a reasonable approximation of the training resources
required for a given standard and set of personnel conditions.

f. Every unit has specific non-ARTEP mission training requirements,
such as the need to conduct civil disturbance training. As indicated
earlier, the "Best Battalion" Costing Program indicates that 8 days are
appropriate for this training, as expressed in the following equation.

X63,105 8; avoid negative deviation.

g. Soldier's manual training covers the high decay individual skills
which are not fully included in battle drills. The frequency requirements
of the Battalion Training Survey determine the time allocated to this
training activity. The following equation depicts the requirement.

SM TNG DAYS X71,111 = 15.33 days; avoid negative deviation. (QL3)
Soldier's manual training consumes garrison days and instructor

mandays.

h. Non-soldier's manual training addresses subjects like the Geneva
Convention, Code of Conduct, and equal opportunity training. The Best
Battalion Costing Program is the basis for the requirement.

NON-SM TNG DAYS X72,112 = 6.33; avoid negative deviation. CQL3)

This training also Lonsumes garrison days and instructor mandays.
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i. One week of unannounced AGI and I day of AGI spotcheck were'
programmed, as was 1 week for a command maintenance evaluation (COMET). (QL3)
These figures are consistent with the Best Battalion Costing Proge'am data.
The AGI and command maintenance evaluation are subsumed in non-training
time. As such, they place a limit on the number of days available for
training.

J. TOW and mortar training are accounted for in the shoot battle
drill. Scouts, Redeye, and Ground Surveillence Radar are alloted training

days (for dollar costing only) and costs per day based on the "Best
Battalion" Costing Program and analysis of typical training Management (QL3)
Control System data.

SCOUT TNG DAY X75,102 - 6
REDEYE TNG D X76,103 = 15
GSR TNG DAYS X77,104 - 20

Avoid negative deviations

This training is in addition to completion of the appropriate amount
of battle drill training and participation in battalion exercises. These
training days consume POL, parts, and ammunition.

Within the BTM, calendar time is allocated as required by the pacing

units--Mechanized Infantry or Armor. There Is an assumption that the
combat support elements will be able to complete their training
requirements within this same amount of time because they generally have
fewer missions and tasks to perform. Nevertheless, dollar costs are
incurred when they conduct their training and these costs must be
included.

The maintenance time presented in the BTM is formally scheduled. It
does not include daily operator and crew maintenance which are factored
into the battle drills. In addition, 30 days of maintenance for the
sustain battle drill are included under the training program rather than
under the maintenance program.

Based on a hypothesized schedule in which X, Y, and Z time alternate
at 2-week intervals, maintenance is scheduled in the following manner.
Once per quarter, I week is devoted to maintenance standown. This is
scheduled during Y time, when there are sufficient supervisors and
personnel available to conduct extensive maintenance (unlike Z time) and
so as not to interfere with prime training time (X time). Once during

every non maintenance-standown month, 2 days are devoted solely to
maintenance. Where possible, this is scheduled during Y time; otherwise,

it appears in Z time.
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Once during each Y or Z week which does not contain one of the mainten-
ance periods above, 1 day is devoted to maintenance. Application of this
policy to the training calendar of a FORSCOM unit indicates that this
policy translates into 39 days of Y time and 19 days of Z time per year.
Deduction of the 30 days of maintenance in the sustain training drill
leaves 19 Y days and 9 Z days entitled maintenance, as Indicated below

X100,87 - 19

Avoid negative deviation. (QL4)j
X101,88 - 9

Formulation of the analytical baseline, a training program for units 2

experiencing 85% officer/NCO fill, 35% quarterly turbulence (17.5%
quarterly turnover) , and 25% not-present-for- training was developed,
scheduled and factored into the BTM. The program required total training
and maintenance time of 271 days a year. Considering national holidays, a
2-week Christmas break, and non-X time weekends, there are only 253 usable (QL3)
days a year. Not only did the analytical baseline involve extensive
weekend training, it left no time for non-training activities such as AGI,
COMET, post support, ceremonies, etc. Since such a program could not
actually be conducted, new personnel conditions of 85% officer/NCO fill,
20% quarterly turbulence and 20% non-present for training were developed
and the program was re-run in the BTM. By reducing the time and
frequencies in the appropriate survey factors, time requirements of the
training program were reduced to form the 95% baseline (Bn-1) training
program for a combat ready (Bn-1) Mechanized Infantry/Armor Battalion.

When frequencies based on the new personnel conditions were factored
into the model, a training program emerged with 141 days for training, 58
days for maintenance and 54 days for non-training activities, with no (QL3)
weekend or holiday training. -This represents a program that will permit a
unit to attain a 95% training proficiency standard, allow a requisite
amount of time to achieve maintenance readiness, and address volunteer
Army and housekeeping requirements.
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The remainder of the BTM deals with the management and allocation of

resources. The primary interface between resources and the training
program is a group of transitional training modes, so-called because they

represent the common ground between the training program/activities of the
* trainer and quantitative requirements of the resource manager. Each train

ing mode relates to one or more training activities and carries with it a

cost of Program 2 (P2) dollars for gasoline, diesel fuel and Class IX re-
pair parts. The costs were derived from the Best Battalion Costing Progra

(Annex B) and represent the best available data.

The transitional training modes presently used in the BTH were defined

in the section on training programs. They are Bn FTX, SUE FTX, CPX, TEWT,

mission, garrison, small arms, TOW, scout, Redeye, and GSR training days.
These appear to be the most suitable for use with FORSCOM units. For

USAREUR the modes would be modified to account for Local Training Area
(LTA), Major Training Area (MTA), etc.

The training modes which address activities of the pacing units carry

a calendar day cost which is allocated to X; X and Y; or X, Y and Z time

depending on the feasibility of conducting that mode of training in the
* various categories of training time. As an example, the Bn FTX can onily

be conducted during X time, when troops and training area are available.
The CPX can be accomplished during X, Y, or Z time, since only command
groups and very limited training area are required.
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While program 2 resources are best fitted to the transitional modes,
ammunition requirements were allocated to specific training activities. (QL4)
Since battle drills represent the bulk of the 95% baseline training
program and there is no usage data for battle drill ammunition require-
ments, Aunition represents the weakest data input to the BTM. The
problem was complicated because of the fact that units do not have the
same level of experience with ammunition costs as with program 2 costs,
because the Training Ammunition Management Information System is very new.
The training ammunition allocated to the various training events is the
product of the application of military judgement to the ARTEP 71-2 ammuni-
tion guidelines to derive estimates of battle drill ammunition requirement
The requirement has probably been overstated.

The impact of vehicle/equipment availability on training readiness is
addressed by linking this availability to the training mode day in a
"go-no-go" manner. If vehicle/equipment-on-hand rates and operational
rates (OR) both reach 75% for a maneuver exercise and 50% for a firing
exercise, the program will favorably consider the exercises. If the rates
fall below these standards, then the exercises will not be validated for (QL4)
the training program. The standards selected (75% and 50%) are tied to
vehicle/equipment requirements commensurate with the 20% personnel not-
present-for-training rate, the pivotal point for reaching 95% proficiency
(See chapter IV, Sensitivity Analysis). The firing exercise standard was
lowered to 50% because the nature of this training makes it practical to
use equipment pools. Using this rationale, conduct of a day of Mechanized
Battalion FTX is hypothesized to require the availability and use of 40
M113 APC's, 9 mortar carriers and 13 TOW carriers.

As has been indicated, training time is treated in terms of X, Y, and
Z periods, with X days being prime training time. Then, the unit is as
fLee as possible from non-training requirements and has top priority to
utilize ranges and large training areas. During Y periods, the unit does
not have priority for major ranges or large training areas but may have
access to limited amounts of training land. Units in Y time normally
experience higher non-training requirements than they do during X time.
Reasonable amounts of secondary training or maintenance can be conducted
then. Z time is normally dedicated to post support and other cormitments.
Some training may be conducted, but it is normally limited to garrison
training. In the previous section, training modes were designated as
suitable for X time only (primary training), X or Y time (secondary train-
itig) or X, Y, Z time (limited training). These designators link the days
of each training mode to the appropriate training category. Since the bTM
only tracks calendar time for the pacing sub-units, other sub-unit
activity such as TOW Tng Days, are not included in this calculation.
Times for this section were extracted from the "Best Battalion" Costing
Program, and modified to relate to the ARTS Training Program. Maximum
permissible X, Y, Z days were entered as indicated below:

X days X95,82 = 85, Avoid positive deviation
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Y days X96,83 - 85, Avoid positive deviatiorn
Z days X97,84 = 83, Avoid positive deviation

Non-training days represent weekends, holidays and work days during
which no training can occur, such as during parades and organization day
activities.

The initial equations for the days of training mode take two forms;
balance equations and direct equalities:

39
Bn FTX Days ;" (Bn FTX Days/ARTEP event j) (repetitions of ARTEP event j)

j~l
j-1 + (Days of other Bn Training) a Total Bn FTX Days

* 39
- Total Bn FTX Days + I (Bn FTX Days/ARTEP event j)

j-I

(repetition of ARTEP event j) + Days of other Bn Training
-0

or: 39
X78,95 + 3 (a78,j X78,j) + X78,57 - 0

j-1

SUE FTX DAYS: Follow the same format but include additional training
activities, such as battle drills.

'a 56

- X79,96 + 1 (a7 9,jXj) 0

CPX DAYS: - X80,96 + X80,58 = 0

TEWT DAYS: - X81,98 + a81,54 X81,54 - 0
S 60

Garrison Days: - X82,106 + X (a82,j X82,j) 0

Small Arms Days: - X64,99 + a64,42 X64,43 - 0
-'a

Mortar Days: - X73,100 + a73,43 X 73,43 - 0

TOW TNG Days: - X74,101 + a74,43 X74,43 0

Mission Days: X63,105 - b63

. SM TNG Days: X71,111 - b7l
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Non-SM Days: X72,111 - b72

Scout TNG Days: X75,102 - b75

Redeye TNG Days: X76,103 -b76

GSR TNG Days: X77,104 -b77

Table 11-1 on the following page, records the costs attributed to each
training mode.

Non-training days includes weekends, holiday* and time set aside for
non-training activity, such as AGI, maintenance inspections, etc.

Non-Tng days X98,85 - 158; avoid positive deviation

Total time in the year:

X time + Y time + Z time + non-tng time - 365

X94,82 + X94,83 + X94,84 + X94,8 5 - 365; avoid posi-
tive deviation

Integrate maintenance time into X, Y, Z days (See previous section on

maintenance) .

Maint X days X99,86 -0; avoid positive deviation

Maint Y days X100,87 -19; avoid negative deviation
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Paint Z days X101 .88 - 9, avoid ne .ata, d 1v ilt I,.

Convert primary, secondary and restricted training : X, Y, Z3y
Primary training

(Training activity days to primary trainrng I X t ime ',j pr
training)

- (X time to primary training) + (training activity av- to pr :i r v
training) a 0.

- X88,89 + X88,95 + X88,96 = C

Secondary

(Training activity days to secondary training) = (X days t, se- i'dAa;
training) + (Y days to secondary training'

(X days to secondary t,'ainin,. - (Y ,ays s, , a : - *

(training activity days tD secondar tr.sing) =U

- X89,90 - X89,92 + X89,99 + X8 ,105 = 0
rimited Training

- (X days to limited training) (Y days to limi.ted t-a -: -

d4 ys to limited training) + (train'ng ac r iv t davs to I mit!-d :r 1 -"

=0

- X9o,91 - X90,93 - X90,'- X,, = 0

Sum all X, Y, and 7 d.-ivs into a talani ,

X days

- (Total X days) + (X day- /ma,:.i (X. d av irnarv'; Tra ,.,
(X days/becondary training)+(X ,'a . i- r. . . ,r inin gi,*(X (a- ,

- X91,82 + X91,86 + X9.,89 + X,l,9n + X'41,9.'
X91,108 - 0
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'I Y days

- (Total Y days) + (Y days/maintenance) + (Y days/secondary training)

(Y days/limited training) + (Y days/SQT prep) - 0

S- X92,83 + X92,87 + X92,92 + X92,93 + X92,109
= 0

Z days

- (Total Z days) + (Z days/maintenance) + (Z days/limited training) +
(Z days/SQT prep) = 0

- X93,8 4 + X93,88 + X93,94 + X93,110 = 0

The availability of equipment for training depends on the amounL of
equipment on hand, the average percent of time that an item of that type

is operationally available, and the number of days during which training
could be conducted. This section of the BTM represents nominal numbers
s -'wing a notional availability rate of 80%, a 253-day year and a full TOE
complement of equipment. For each item of equipment chosen:

Input total number on hand.

Xij = bi avoid positive deviation
i 123,130
j = 74,81

Multiply the total number on hand by the equipment-days factor and
balance available equipment days against requirements for equipment days.

Eqiipment days factor = (average availability rate) (possible training
avs)

- (.An) (253) (QL4)

= 202

106
202 Xi,j + (aij Xij) 0

j=95

for i 115,122
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If the equipment used in a given computer run is less than or equal to the
equipment on hand, it is an indication that the unit theoretically has
sufficient equipment of the type in question to meet the total year's re-
quirement for equipment days. This is a dangerous indicator, however,
since there is no assurance that there will be sufficient equipment to
conduct training on any specific day. As an example, if there were one
item of a certain type of equipment on hand, there would be 202 possible
equipment days, because that item would be available on 80% of the 253
possible training days. The BTM would satisfy a demand for 100 such items
of equipment during one day's training even though there could not
actually be more than one item available for any given day.

There is a direct correlation between the treatment of equipment and
personnel in the BTM. Trainer man-days are drawn from a pool of officer r-

and NCO man-days to fill trainer man-day requirements. t.

TRAINER TIME AVAILABILITY

c '

REGULAR INSTRUCTOR ATTENDING TO
HIS OWN PROFESSIONAL DEVELOPMENT

B ,1 8' 30

The requirements for trainers are based on two assumptions which seem-
reasonable but which are not backed by empirical data. First, fully
effective multiechelon integrated training requires the presence and (QS.)
active participation of 50% of the chain of comnand. Second, each one day
of instruction requires 2 man-days of preparation. To determine the man-
days requirements for a given training activity it is necessary to
multiply the number of days of training by one half the TOE chain-of-
command strength and add 2 man-days preparation time for each day of
instruction. Thus, a 4 day Mechanized Infantry company level battle drill
would require:

(.5)(4)(162) + (4)(2) 324 plu3 6 332 instructor man-days.
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Although the conduct of the ARTS sensitivity analysis required' that the
numnber of personnel present for training be held constant, at least during
X and Y days, it is to be expected that the actual present- for-t'ra in ing
strength will vary markedly in a given unit. The BTM has, therefore, a
capability to differentiate mong the various days.

To use the personnel section, the assigned strengti in officers,
NCO's, El-E4 is:

Officers X112,62 -b112; avoid positive
deviation from b.

NCO's X113,63 b113

El-E-4 X1 14,64 = b114

Calculate and balance the number present for training from each cate-
* gory during X, Y, and Z time. If a represents the % present for

training,

Officer X days - (a103,62 X103,62) + X103,65 = 0

Officer Y days - (alC6,62 X106,62) + X106,68 = 0

Officer Z days - al09,62 X109,71) + X109,71 = 0

NCO X days - (a104,23 X104,63) + X104,66 = 0

NCO Y days - (alo7,63 X107,63) + X107,69 = 0

NCO Z days - (allo,63 X110,63) + X110,72 - 0

El - E4 -(a105,64 X105,64) + X105,67 G

El - E4 -(a108,64 X108,64) + X108,70 =0

Convert officers and NCO's per day to officer and NCO man-days by
rniltiplying the availability rate per day by the number of possible days,
aid incorporating into one equation to match available tfijer raa-days
with requirements for trainer man-days.

-83 (X102,64 + X102,65) - 85 (X102,68 + X102,69 +

63
X102,71 + X102,72) + 1 (a102,j X102,j) + (alu2,111

-p..4j=1

X102,111) + (a102,112 X12,112) 0
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The integration of available E1-E4 into SQT preparation was discussed
in the section entitled training program. SQT preparation is the only
section in which El-E4 strength is treated in detail in the BTM. A
similar approach could ie used for any activity in which complete partici-
pation is essential.

Treatment of peraonnel suffers from the same shortcomings as does
equipment. The model may indicate that there are sufficient trainers for
a complete year without highlighting the fact that there may not be suffi-
cient trainers for any given day.

Training area/facilities refers to the land or structures essential to
the conduct of training, available for sufficient time to conduct training,
and free of physical or regulatory restrictions which wuld prevent suit-
able training. This subject has not been addressed in the B.' to date
because of the press of time. Further, training area availability is
contingent on an extremely complex combination of unit training priorities,
training schedules, and training area adequacy. Training area/facilities
is proposed as a high priority matter for further BTM development.

Systems Policies

The Army has a number of personnel, logistic and budget policies which
impact directly on the unit's ability to conduct training. As with train-
ing readiness, there are no specific equations in the BTM which address
these policies. The unit's ability to complete the 95% training program
to become combat ready under various policy effects is analyzed by varying
factors or relationships within the BTM rather than by adding new
equations.

SENSITIVITY
ANALYSIS

TURBULE

NOT PRESENT FOR

TRAINING PROFICIEN -AI

TRAINING PROGRA MT F.INE-R IAOITYJ

11-31

" . - , '% , ' .' . " - . ". " , . .- . '.J . . • ." . ' . . . ' . - -.. -. .- . " " . " .. ."



wN.

Several policies or conditions have been the subject of ARTS'
sensitivity analysis to date. The primary sources of input data regard-
ing the effects of the policies were the Battalion Training Survey 4nd the
"Best Battalion" Costing Program. The key poli'cies and conditions are
described below. The results of the sensitivity analysis are included in

Chapter IV.

Turbulence is the total effect of all conditions which shift personnel
from one duty position to another, and reduce unit retention of trained
personnel. Turbulence may be caused by local policies and requirements or
may be system induced, and, as a result, be totally out of unit control.
Changes in duty position consist of actual movement from one job or posi-
tion to another. These changes are primarily caused by transfers in and
out of the unit and career progression. For the BTM, there has been a
simplifying assumption that the rate for changes in duty position is equal
to twice the unit turnover rate. This assumption is based on data
outlined in the Total Tank Systems Study and the ARI sponsored turbulence

* test at Fort Ord.

Personnel fill is the percentage of the MTOE authorized strength who
are actually assigned to a unit. This factor is affected by manning
levels, reassignment policies, and personnel management.

Personnel not present for training are those members of a unit who
should benefit from training periods but who are absent due to leave,
unauthorized ahsence, TDY schools, appointments, details, special duty and
other requirements. It is expressed as a percentage of the assigned
strength.

Trainer grade substitution is a direct result of incomplete person-
nel fill in the leadership grades or fill of TOE positions by perso:onel
who do not hold the appropriate rank. Lower grade personnel are normally
less experienced and/or less qualified. Trainer grade substitution is
expected to affect the quality of training integration which can be
conducted and the length of time required to conduct training to a given
standard.

-" Less qualified personnel (those with an Armed Forces Qualification
-- *. Test score of 30 or below) can be expected to have an effect on the unit's

training program. The Battalion Training Survey indicates that there is
strong belief that, for most skills, such personnel require longer train-
i'g time and more frequent re-training than do higher mental category per-

sonnel.

Individual skills not taught in AIT must be taught in the unit. Since

it tdkes longer to learn su,,ething for the first time than to re-learn it,
a task deleted from AIT places a greater training burden on the unit.
Changes in AIT curriculum then, have a direct effect on the unit's ability

to train to standard.

11-32
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Chapter III

TECHNICAL DESCRIPTION

This chapter presents a technical description of the Battalion Train-
ing Model. It describes the analytical techniques used to simulate the
Army Training System through formulation of training parameter equations
and the linkage of these equations using matrix algebra. The chapter
concludes with a discussion of goal programming techniques, the specifics
of t' .ctual goal program used in the BTM, and a technical description of
several of the computer runs made to date.

Battalion Training Model Formulation

*The Battalion Training Model has been formulated in a tl.cee-step pro-
cess. First, parameters representing the training environment are aggre-
gated in a matrix format which can be translated into algebraic equations
that simulate portions of the training environment. When matrices and
equations representing all aspects of the training environment are formed,
they are linked together by tying the output function of one to the input
function of another until the sum of all matrices are formulated into a
dynamic and interacting simulation. Goal programming is applied to this
simulation, allowing goals for any combination of the equations to be
optimized simultaneously. This procedure is addressed step by step
below.
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Step I - Technique

Express fundamental training parameters in a matrix format that can be

translated into equations. Identify specific goals for each equation.

(See Figure III-1.)
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Step 2 - Technique

Link together all training parameter matrices. To accomplish this,

use outputs from one matrix as inputs to the following matrix. (See Fig-
ure [11-2).
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Figure rlg-26S
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Step 3 - Technique

Continue proc,-ss of linking matrices based on the [allowing rationale.
(See Figure 1 ;

*Training functional relationships can be debcribed through
this mathematical process.

N . Well-planned matrices can be expressed as equations.

*These equations can be solved to optimize goals.

IM J~ N MOOI6'
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Figure 111-3
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The complete model is shown in Figures 111-4 and 111-5. Figure 111-4
presents a broad overview which depicts the manner in which the varidus
portions of the model address the ARTS guidance. Figure 111-5 is a more
detailed schematic which presents the general nature of the BTN mat-rices
and their interrelationships.
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Goal Programming Concepts'

Battalion training objectives vary according to unit locations, com-
mander, philosophy of management, and particular environmental conditions
of the home station. There is no single universal training goal for all
battalions. In today's dynamic Army environment, maximum training pro-
ficiency is not the l.Ay objective. Frequently, commanders must place
great emphasis on mission responsibilities, maintenance, troop tests, post
responsibilities, etc.

Since commanders have multiole conflicting objectives to achieve,
their decision criteria should also be multidimensional. This implies
that when a decision involves multiple goals, any quantitative technique
used should be capable of handling multiple decision criteria.

The linear programming technique used in the Training Management
Control System (TMCS) has been applied quite extensively and relatively
successfully to various decision problems but has a serious limitation; it
does not adequately cope with multiple goals. The primary difficulty with
linear programming is not its inability to reflect complex reality.
Rather, it lies in the unidimensionality of the objective function, which
requires cost or profit information that is almost impossible to obtain.
For example, in a training scheduling problem, it is not easy to determine
costs associated with the fluctuations in NCO levels, turbulence, mission
standards, mobilization time, integrated training, soldier's manual
training, etc. Linear programming is not generally suitable for such
decision analysis.

To overcome the unidimensionality of the objective function required
in linear programming, efforts have been made to convert various goals,
costs, or value measures into one criterion - utility. If this process
could be effectively performed, the limitations of linear programming
would undoubtedly be reduced. However, exact measurement of utility is
not a simple matter, and there is presently no effective methodology to
develop a utility function for an individual, much less a group of people.
Hence, decision making through linaer programming leaves much Lo be
desired.

To analyze rhe concept of goal programming, the concept of linear
programming must first be understood. The basic requirements of linpar
programming are: the choice variables constituting the decision system
must have one unit of measure and be linear; there must be a set of
constraints, or limited resources; and there must be an objective to
achieve. This objective must be expressed as a linear function conpsd
cf the decision variables.

-Extract e and paraphrased from Goal Programming for Decision

Analysis, Sang M. Lee, pp 18-32, Auerbach Publishers, Inc., Philadelp"pha,
1972.

I11-7
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In the usual linear programming model, the objective i. to maximize oi
-. ' minimize the objective criterion by meeting some constraint o goal. [

constraint is expressed by some linear combination of decision variabl-s
that correspond to the inputs and/or outputs of the system underlconsi-
deration.

In the optimization of any linear system, it is desirable to utilize
any idle resources to the extent that they still contribute to the opti-
mality of the objective function. This is precisely the linear program-
ming procedure. Idle resources are utilized until they no longer exist or
no longer contribute to the achievement of the objective. At this point,
the optimum is achieved.

." Linear programming requires unidimensionality in the objective func-
tion. The commander must strive to do one thing and one thing only, i.e.,
either maximize training, minimize costs, or perform some other objective

4criterion. Yet, many commanders' decisions involve conflicting objec-
tives. Furthermore, these other objectives may use entirely different
criteria from that of the objective function of the linear programming
model. Even under normal circumstances the commander could end up with
another, more complex, programming problem in his mind.

It is important to realize in trying to construct models
of real-life situations, that life seldom, if ever, pre-
sents a clearly defined linear programming problem, and
that simplification and neglect of certain characteris-
tics of reality are as necessary in the application of
linear programming as they are in the use of any scien-
tific tool in problem solving. 2

The goal-programming approach is one way in which some of these
difficulties can be alleviated. As a modification and extension of linear
programming, it allows a simultaneous solution of a system of complex

5. objectives rather than a single objective. In other words, goal
progiamming is a technique that is capable of handling decision problems
that deal with a single goal with multiple subgoals, as well as problems
with multiple goals, each having multiple subgoals. In addition, the
objective function of a goal programming model may be composed of mixed
units of measure such as time, dollars, and proficiency scores.

Often, training goals are in conflict or are achievable only at the
expense of other goals. Thus, the solution of the problem requires an
establishment of priorities among these incompatible goals so that the low-
ordei goals are considered only after the higher-order goals are satisfied
or have reached the point beyond which no further improvements are desited
or feasible.

2George B. Dantzig, Linear ProgrcTr'ing :nd Extensions, Princeton,
NJ, Princeton University Press, 19b3.
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How is an objective function to be determined and expressed when there
exist multiple, mixed, and conflicting goals? A simple answer might be to
suggest an objective function composed of multiple goals. This is the es-
sence of goal programming. The true value of goal programming is the so-
lution of problems involving multiple, conflicting goals according to the
commander's priority structure. In general, a goal programming model
performs three types of analysis: (I) it determines the input
requirements to achieve a set of goals; (2) it determines the degree of
attainment of defined goals with given resources; and (3) it provides the
optimum solution under the varying inputs and goal structures. The most
important ad- vantage of goal programming is its great flexibility, which
allows simulation with numerous variations of constraints and goal
priorities.

Every quantitive technique has some limitations. Some of these are
inherent to all quantitative tools and some are attributable to the
parzicular characteristics of technique. The most important limitation of
goal programming belongs to the first category. The goal programming
model provides the best solution under the given set of constraints and
priority structure. Therefore, if the goal program does not reflect the
actual situation and the decision-maker's priorities, the solution will
not be the optimum for the battalion. For an effective application of
goal programming--and for that matter of all mathematical techniques--a
clear understanding of the assumptions and limitations of the technique is
a prerequisite.

Goal programming can be applied to almost unlimited managerial aod
administrative decision areas. The following three paragraphs describe
the most readily applicable areas of goal programming.

One of the basic decision problems is the optimum allocation of scarce
resources. Let us assume that there are n different input resourccs that
are limited to certain quantities and there are m different types of
outputs that result from various combinations of the resources. The
decision problem is to analyze the optimum combination of input resources
to achieve certain goals set for outputs so that the total goal attainment
can be maximized for the organization. A goal programming approach has
been applied to the resource allocation problems in nonprofit institutions
similar to the Army. fhis approach analyzes the resource requirements and
actual allocation in order to achieve the goals of the organization which
cannot be expressed in profit and loss terms. Also, goal programming has
been applied to the sales effort allocation problem in the marketing area.

Many decision problems involve some degree of planning and/or scheduling.
In order to achieve certain goal in the future, decisions must be made
concerning pxes n and future actions to be taken. To accomplish desired
outputs, the optimum combination of inputs in certain periods must be

1[1-9
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ident fied. These Inputs %ay include muitpowt t , m , tim ,

tIcn .apaciLy, technology, etc. Many pioble.:s, such a.- producrior, s hz-
cling, location derernination, financial planning, peisonnel plar,.ning,
marketing strategy planning, etc., can be analyzed by goal programning.
it has also been applied to media planning, manpower planning, aggitgate
production scheduling, financial planning, location determination, etc.

For government agencies and nonprofit organizations, the basic deci-
sion problem involves the assignment of priorities to various gous and
development of programs to achieve these goals. Such a decision process
constitutes the policy analysis of the organization. Through the appli-
cation of goal programming, the organization is able to ascertain the
soundness of its policies, the input requirements for achievement of sEt
goals, and the degree of goal attainment possible with the given re-
sources. This review and evaluation process is an integral part of policy
analysis. Therefore, goal programming is particularly well-buiced for
decision analysis in public and nonprofit organizations.

The selection of the correct mathematical tool required a knowledge of
the training planning model and training data sources. The availability

of data in some measure precluded the use of some simpler mathematical
models. For example, linear programming could be used if a common
agreement could be found on the value of diveIse resource competitors sucn
as an ARTEP mission training day versus a day of athletics and "ecreation
versus M1I3 APC operational availability. The universal application of
the Battalion Training Model is possible because of its ability to
reconcile such diverse relationships. It derives this desirable ftar.:Lu
from its use of goal progiu..:niog.

Essentially, any mathematical tool that could embrace multecht!n
criteria, with conflicting drmands for resources would have been
applicable. The study considered the toilowing possiblp technique>:

Linear Programs (Single objective, linear 7,nodels

Nonlinear Programs (Single objective, ncnlino'ar nMdel)

Integer Programs (S(,bset of lincar progiam- restrict-d tz r. le

nknmrrher an.weris)

Linear Decision Rules ,ie iistic lin-a :: ' a ,
-. ~ -. ,n one pat am, r, I

Multiple Objct ive i, in(ai D,-c .s, o M:i ((_)a ja 1 g d " i

Multiple Ob lect , . . x . . -; .- . -

The conseque:nces a:id ,xiedr'--.v ,f .,v ,f ,. ,,
terms of the issues i v 'e- , r , . ,,,
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world is generally understood as being nonlinear, but nonlinear tehIQLCs

are very difficult to understand and use. Linear models are generally
considered good approximations of reality if the nonlinear function
remains relatively constant in the period under study. For purposes of
training modeling, linearity was considered a reasonable assumption. In
some cases, it was possible to convert the effects of nonlinear functions
(proficiency decay) to linear parameters (frequency of required training).
The final result was the selection of goal programming.

The BTM is block diagrammed below:

DATA INPUT

BTM MODEL
FORMULATION

GOAL
PROGRAM

A LGOR ITHM

OUTPUT
REPORTS

The data formulation is discussed in chapters II and IV. Similr!',
BTM model formulation was discussed in chapter II. This section will
highlight technical features that are not easily available in taxts on
goal programming. The texts on goal programming noted belw are
recommended for specific technical concepts.

BTM Algorithm

The algorithm used in the BTM has been adapted from a Conc,. s
Analysis Agency (C. goal programming formulation.* This formulaL~or, is
mathematically optimal. Two books** have been written, esta blishing tlie
basic fcrmulation. The fundamental computing technique is the i~Jex
method. Goi- programming uses a modification of Simplex to ac:.ounz foy
multiple objectives. Details of the mathematical process are des, rited 3Li
the two goal programming books.

The general format of the BTM consists of multiple objective fm:11tions
and an achievement function. Each objective function is charaati;z :

*This formulation was developed at the Concepts Analysis .

Richard Nugent during the 1976-1977 time frame.

**Coal Programming for Decision Analysis, Sang M. Lee, Viina
Polytechnic Institute, Anerbach Publishers, Inc.. Philadeiphi'i, I K'.

**Goal Programninv and Extensions, Jamps P. Ignizio, P'.nsv>n.
State University, Lexington Books, DC Health and Corrpa-'.',
Massachusetts, 1976.
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Oboective X =Goal

or to allow fr exceeding or falling short of the goal;

(Objective X) + (Negative Deviations) - (Positive Deviations) = Coal

Having all the objective functions in this format allows the formulation

of the achievement function. The achievement function is stated:

Minimize selected positive and/or negative deviations

from the objective functions in an order of priority

selected by the training manager.

This format allows the use of standard multiple objective Simplex solu-

tions which are iterative optimality-seeking processes.

A block diagrao of this process appears below: (See annex M and annex N)

and Achievement Function (See Methodology 1l-b)

-Use CAA Modified Compute new Matrix Have all Goals in

Simplx fsolution sae h priority 1 been

The urpse o th ac ievmnt fution St inmzeteeoa

riority o no lSatisfietd ?

beConidred sniultaeul Aithot having a ssglh rifca t

Priority is achievd Training Progra STOP

Te Stjust Priorities and_ "::Goals to find a more

satisfying solution

a dThis solution technique has several features which should be highI ".' iighted.

• The purpose of the achieve,:,,.nt function is to minimize the total

; ' ideviation from the goals of the objective, function.

Th e un it o f me a sure in th e ac hir ve,-,ntr f,;n,7t ion :.3n be I t id imen -
;i__sional among pr Iorities. This featuire allows many confl icting concepts t"

[I be considered simultaneously without having to assign the artificial -- ts

-'.-"or values required in linear programming.

- "- The Simplex optimality criterion is expressed as a- matrix ralhe- 11, i:i

"... a one-dimensional vector. This multidimensional feature has lod s)m(e
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authors to state that linear programming is actually a special case of
goat programming.

In using the multidimensional Simplex method, the criterion used to
determine the optimum column is the rate of contribution each training
factor makes toward achieving the most critical training goal. The key
row is selected by finding the most efficient contributor to goal
achievement. The standard Simplex technique is then used to transform the
matrix for consideration in the next iteration. This process continues
until the best training program has been achieved.

BTM Computer Program

The computer program consists of input cards, the optimal seeking
algorithm and output reports. The main flow chart is presented for the
analyst, together with detailed program listings with ample comment cards
in Annexes M and N.

Input Card Data

Program Card: this card requires information on the size of the
problem to be processed.

Number of rows or equation (130 Max)

Number of priorities used (20 Max)

Number of variables (130 Max)

Number of deviations in achievement function

Report printing options

Maximum iterations

Header Card: for titling the run and adding any comments.

Coefficient Data Card: one card is used to denote the row, column,
and value of each coefficient. Coefficients are described in chapter 11.
(Max number is 130 x 130 - 16,900).

Goal Card: this is the value on the righthand side of the equations
in chapter 11 (Max = 130). The row and value is listed for each card.

Priority Structure Card: this card establishes the number of terms in
the achievement function. The priolity, row, positive, and negative
deviation and weight is placed on each card. (Max - 260).

Name Cards: cardb are provided to list a 12-letter acronym for

priority titles, variable names and objective goal names. (Max = 280).

111-13
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Ran Descriptiori General Overvitw

The BTM used the results of the Battalion Training Survey and "Best
Battalion" Costing Program data to formulate a midresolution analysisrof
annual training programs incorporating battle drills. The TEA 78 data is
being used to confirm and/or replace survey data as it becomes available.
Confidence in the data is strong from a statistical viewpoint and
believable from a common sense perspective. This data shoild continue to
be improved in the years 1979 through 1985 to refine the Army's procedures
for managing training resources.

The BTM was processed through a series of stages to incorporate the
dynamics of the integration process and the battle drill concept. The
integration process is complex since it occurs in several dimensions of
the training management process. To facilitate the transition from
individual tasks to collective tasks to battle drills to ARTEP missions to
training packages, three intermediate stages were developed:

I. integrate individual and collective tasks into battle drills.

2. Integrate ARTEP missions into battle drills and other ARTEF
missions.

3. Merge stage I and stage 2 into an optimal training package and
analyze in the main BTh program.

The development of stage I and stage 2 above had several implications.
First, the integration of individual and collective tasks must consider
task overlap. The degree of task overlap was developed in the design of
the Battalion Training Survey. Consequently, the data results of the
survey were used to accomplish task integration. Second, the assumpti n
was made that the integration was constant throughout the planned year.
This assumption can only be valid if NCOs of correct grade and education
are available to conduct the training. Third, initial baseline considered
ideal resource availability, hardward operational availability, manpower
fill, ammunition and training area availability. T1nis allowed an
"uncluttered" view of the true training requirement. Fourth,
modifications to this "best-case" training envirmnaent were introduced in
the main run of the BTh. These sensitivity analy,;es are discussed in
chapter IV.

A Typical Run

The standard computer outputs are best explained using one of tie
early runs of the BTM. Presented below for purpjc,s of explainlng ootput
format is a preliminary analysis of integratlon of colective and
individual tasks into battle drills.

The model used in this stagc iss, ,Je tha c,.)11o-eive tasks were
• allocated to battle drills as primar' -ind suco ndiry Wk wth
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tasks being integrated at a lower level of emphasis. This was
accomplished assigning a credit of one training frequency to primary'tasks
and a credit equivalent to one-half training frequency to secondary tasks.
Integrated tasks were given frequency credits ranging from one-tenth of a
frequency to four-tenths of a frequency. This has the very real effect of

, .indicating how much task training is received in a single battle drill as
well as accounting for the cumulative benefits of an annual program. The
individual tasks were treated in a similar fashion. Battle drills were
separated into two groups, company and platoon/squad. This was developed
to allow analysis of the two levels and to accommodate the wide range of
task times and frequencies recommended by the Battalion Training Survey.

A special group of high decay individual tasks was developed using the
acronym "SEP IND TNG" for individual integration that needed separate
identification to preclude being los in more general data. These were
NBC, live-fire, individual battle position/hold, individual movement,

0 individual communications and individual reconnaissance and security. The
model was formatted to use five priorities.

Priority 1. Develop an annual integrated training program that
[ incorporated all the collective task frequencies recommended as mean

values in the Battalion Training Survey.

Priority 2. Develop an annual training program that reflected a
S- quarterly battle drill program. (Quarterly may not be the best frequency.

* .% Another sensitivity run was made to examine this question. Analysis of

this run indicates that some battle drills may be conducted with annual
* frequencies of three or two).

Priority 3. Develop and annual training program that integrates
all the individual task frequencies recommended as mean values in the
Battalion Training Survey.

Priority 4. Complete minimum required training of separate
individual tasks as recommended in the Battalion Training Survey.

Priority 5. Conduct the annual training program in 720 hours.
(Since total hours equal 720, this can represent a 72-day program of 10
hours training per day or 90 days with 8 hours of training). The wcight
given to each task was equal. Because the time factor was allowed to
change if an optional program was not computed in 720 hours, weighting .as
not important. Future runs will dictate time limits that must be
satisfied because of other management decisions. At that point, weighting

of tasks will play a key role in determining which tasks are to be
decremented in frequency.

L'C'I
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Descripton of Computer Run 001
AThe computer output of run 001 contains a comprehensive display of

training management data. This section will describe the data that os

calculated. All referenced samples of computer listings are at the end of
this chapter.

Part 1. Detailed computer instructions that are the FORTRAN
program used in the BTM. (Annex N)

Part 2. Detailed input data for this particular run. (Sample
1)

Part 3. Detailed annual training program that was sequentially
developed by the computer seeking an optional solution to the five
priorities. (Detailed explanation below - Sample 2)

4Part 4. Output reformatted for general use by managers. (This
can be tailored tu satisfy specific needs as we gain experience in using
these formats.) (Sample 3)

Detailed Annual Training Programs (Sample 2A thru 2D)

This section has a standard formatting as indicated at interation 0.

(Sample 2A)

The column titled "Basic Variable" is the mathematical achievement
function. Under the subcolumn 'Variable" is the Negative (=N) or Positive
(=P) deviation from the goal previously established in the definition of
priorities. Under the "Value" subcolumn is the frequency goal for
collective or individual tasks. This column is initially assigned from
top to bottom in order of the Battalion Training Survey sequence of
collective tasks. This column is only of interest to the computer
programmer.

The column titled "Objectives" is of key interest. In this run it is
in fact an annual training program. The computer starts with the
frequency goal and attempts to eliminate negative deviations. The
frequencies allocated in the solution are listed under "Achieved" and
"Computed." Each represents a particular task with a frequency that must
be achieved. Only row 71 is different. This is the time goal. Time
builds in iteration after iteration until 720 hours is used at iteration
20 (Sample 2B). Not all goals of task frequency have been met. Scan the
Neg-Dev column to see the shortfalls. But, overtraining is already being
done on some tasks (see POS DEV column). We need to cut back on
overtraining to force more training programs under the 720-hour limit.
This continues through iteration 90 (Sample 2C) where no more solutions
for 720 hours are reasonable. The computer begins to add time until it
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finds an optimal solution at iteration Ill ("ample 21)). It is now 7) n .w

that the training program will require 1742 hours (Variations to r(d,c-,
this were conducted in subsequent analysis).

The column titled "Achievement Function" is a counting mn.chanism to
see how many frequencies by priority must be accomrnodated. At itcrItion
0, Priority I (Collective tasks) has a total of 200 frequencies to be
programmed in the training goals. Priority 2 thru Priority 4 art: similar.

Priority 5 was designed to indicate time increases from one program
(Iteration) to the next. An optimal solution would consist of all zeroes
in the "value" subcolumns.

Standard BTM Report Output (Sample 3)

This indicates the proceeding data reformatted with acronym titles.
The first column is the priority values from the objective function. The
second column is the annual battle drill frequencies for a quarterly
program. Separate individual tasks are also listed. The column titled
"Objectives" is a grouping of detailed collective and individual tasks.
(C Company, P = Platoon/Squad, I = Individual)

Sample Math Model - Run #001

Definitions:

Cij = Company level collective task (i) frequency
achieved in company battle drill CBj

Pi - Platoon/Squad level collective task (i) frequen-

cy achieved in platoon/squad battle drill PBj

ICij & IPij = Individual level task (i) frequency achieved

in company (CBj) and platoon/squad (PBj) battle
drill

Slij = Separate individual task (i) achieved in (PBj)
platoon/squad battle drill

Fij = Live fire (i) frequency achieved in (PBj)

platoon'squad battle drill

Tj -- Time to co.d'jct 1.0 freqiency of a collective
or individual task as computed in Battalion
Training Survey (mean value)

CBj Freq ;iecv zf company battle drills of task (j)
(MIove, Sh-),,t, ,-tc. )

PBj = Frecriencv f pl iton/sqtua9 battle drills of task
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P1-P5 Priority I through priority 5.

Ni - Negative deviations of frequency of
collective task (i), battledrill (i), ind,,vid,,a:
task ( i) , separate individual task ai, nd tifrr

MIN Pl Ni Collective + P2~ Ni Battle Drill +

P 3 Ni [ND + P4~ Ni SEP + P5 P T1iME

* ST: CijCBj !(SURVEY LSAREUR COMPANY MEhAN . i(-

3PijpBj -? (SURVEY t'SAREUR PI.T 'SQl' MEAN Fi\FE

~(ICi & Iij)EB 2(SURVFY USAREURIN CO PLI 'SQD
MEAN FREQ)i

2..PBij -(QURTERLY BATTLE DRi~l.)i

ij

'Y FlPBij (SLR-VFY 'SARE:'R LIViE F1iF '1 AN

F~ (B& PB) < 720 R. S 4~ 0 v 1)

t I-
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Chapter IV

PROGRAM ANALYSIS

General

The initial analytical efforts using the Pattalion Training Model
fell into three broad areas: selection of a first generation training
program which represented a realistically achievable program for the 95%
battlefield; determining the sensitivity of the model to varying personnel

conditions; and development of training programs associated with varying
levels of readiness.

The analytical baseline was developed by combining the 952 battlefield
training program with results of the Battalion Training Survey and the

Best Battalion Costing Program. The baseline conditions were taken from
the Battalion Training Survey, specifically 25% not present for training,
35% turbulence per quarter, and 151 trainer grade substitution.

For each analysis, BTM inputs were adjusted to model the effects under
consideration, and key outputs were examined. Outputs selected for exmi-
nation were the training time distribution and dollar cost. Training time
was broken into the categories of training program time, maintenance time,
and nontraining time. To be realistic, time distribution was based on 253
usable training days. This figure was arrived at by subtracting from 365
days an allowance for weekends and holidays. The goal program war prior-
itized to ensure that training and maintenance were given first priority,
consuming nontraining time and exceeding 253 days if necessary. Only the
365 calendar day limit was firm; time was distributed within that limit.

The computer program groups training time into I, Y, and Z days, with

goals of 85, 85, and 83 days respectively. Contained in the 253-day

totals are following types of activities: time in days required for
ARTEP, FTX, battle drills, soldier's manual training, nonsoldier's manual
individual training, SQT preparation, mission training, maintenance, and
athletics and recreation. Some types of training, such as leader training
(CPX), and NCO training time, do not require calendar days from the 253
day total in that they could be conducted during off-duty time or con-
current with other training activities. The same is true of combat

support company activities such as TOW, mortar, GSR, and scout training--

these unique elements consume equipment days and dollars, but the time to

conduct them would be concurrent with other training activities. The

support battle drill falls into this category also, in that it requires
leader time but not troop time and, thprefore, does not coumt against the

day total.
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To categorize the year into the days devoted specifically to
activities, maintenance days, and days for nontraining activities (such a-
parades, ceremonies, organization days, etc.), maintenance days have t) be
subtracted from the total X, Y, and Z days. Maintenance days appear as
"MAINT Y DAYS" and "MAINT Z DAYS" on the computer printout. In add it i n
the sustain battle drill contains 30 days of maintenance. Thus, to
distinguish maintenance days from training days requires the foilwng

computations:

Maintenance days - MAINT Y DAYS + MAINT Z DAYS + 30 DAYS

Days for training activities then become:

Training program days X DAYS + Y DAYS + Z DAYS - Maintenance

4' days.

Days available for nontraining activities are determined by adjusting
the nontraining days total shown on the computer printout for the 112
normal days off and any negative deviation from a 365-day year. The
significance of a negative deviation from 365 days is that whiere it
appears, the goal programm ing algorithm was able to accommodate all

time-consuming activities within less than a full calendar year and thus
the negative deviation has to be added back in to account for the 'whole
year. Note that when the NON TNG DAYS total shown on the results printout
is less than 112, the implication is that the shortfall will be ma,>. up on
weekends and holidays. Thus,

Days available for nontraining activities = NON TNG DAYS +
negative deviations from 365 days - 112 days (weekends and

holidays)

Dollar costs are expressed as ammunition, gasoline, diesel, sparp
parts, and total P2 dollars. In the BTM, ammunition costs are associa'ed
with battle drills, and the other dollars are determined by the nutSetr .,f
days required for training.

The 95% Baseline Training Program

The analytical baseline, while technically representin4 an eytct-b'.
program, doea not represent a realistic training program for a battalion.
The baseline a: lowed only Q3.6 days for all nontraininp activities, t,
include weekends, ceremonies, etc. To bring tht, fully intfrittd tr,kr a
into a reasonable context, perseone factors were varied within real,: ,
limits to develop alternative training programs, which c-: rt alst i'
be accomplished by a battalion. Tne results are divF'ved ot ra- ''-,

,%.
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The first alternative considered was reduction of turbulence. tur-
bulence as used in this context represents changes in job position; that
is, the results of moving troops to new duties both as a result of"
transfers in and out of the battlion and of reassigning troops to other
duties within the unit.

TUULENCE
st PLATOON WHO IS THE GUNNER -

ON B12 TODAY?

COMS.. K T1.1" -aarD a= a ',C ZA'S aa

As a rule of thumb, developed fro iit data, it appears ha turbu-
lence is approximately twice the ciartelv turniover rate reflected in the
2715 report. Lowering the turb'le..e rat, m 2C7% !ade a substantial
increase in the availability of nmntr-3ning time, as is reflected in the
20 turbulence, 25% not present for traininz, and 15, trainer grade sub-
stitution column of Table IV-1. Th' total time available for nontraining
activities of 145.4 days, while repretcenting a considerable improvement,
still allowed only approximately 3 days per mcnth for all other activi-
ties, if weekends and holidays were obs-rved. A lev4l of 20- turbulence
was accepted, but further iwrprevu,-c:rs re soiht vshich would result in a
more desirable distribution of time.

At this point, it is apr.Friate t dick.-s the rationnale involv-,d in
combining variations of two or more personel fact. rs. The Bottalion
Training Sorvev provided factors ba,_c ci: variations of a single variable
at a time. Since the survey contained *io co::,nded questions varying

... ore thon one factor at a tire, it i, not cdir, fron a survey point of
view, how to apply the factors in c:T,' ) itnar ion However, a combinatorial

- -"--



technique can be derived by examining the underlying phenomena. Trainer
grade substitution presumes that a more experienced trainer can conduct

the required training in less time; this is independent of the fiequency
with which he teaches it, so this variable can be superimposed over

frequency changes caused by turbulence or not present for training.
Turbulence causes the frequency of training to increase for basically two

reasons: the soldier may have to pick up E.Dme new individual skills

peculiar to this new job, and collective training will have to be
conducted more often to develop team work as crews and squads are

shuffled. Thus, the total amount of training he must receive increases.
On the other hand, "not present for training" causes training to be
conducted more often because the soldier is more likely to be absent and
miss a particular training session. This is independent of the total
amount of training he requires. Since the effect of the two personnel
conditions are not interactive, the adjustment factors for turbulence and
"not present for training" can be applied in combination.

Holding the turbulence level at 20%, alternatives were considered
which varied the "not present for training" level from 25% to 15% and 20%.

The i5.', level resulted in increase from approximately 3 days per month to
6 days per month available for nontraining activities; however, it is

questionable whiether a unit could sustain this level of participation

PRESENT FOR TRAINING?

WIFE TO HOSPITAL REPAIRING M113 GUARD DUTY

BN 1 BN 30

throughout the trainin) year. The "not present for training" figure in-

cludes personnpl on leav-'e, sick call, and away at school, all of which

A!.. . . . .. . . . ...,.......,......., -... ,.... ,..... . ,*,.,.....-., *...,
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ii -e legitimate requirements but which take troops away from training. 'The
20% "not present for training" rate seemed more reasonablF. In comp3rison
with the 25% "not present for training" rate of the analytical baseline,
the 20% "not present for training" rate permitted completion of the
training requirement in 20 fewer days per yea'.

Proceeding from the 20% turbulence, 20% "not present for training,"
15% trainer grade substitution case, a variation of 10% trainer grade
substitution was run, yielding the results shown in the last column of

-' "Table 1. Note that a 5% improvement in trainer grade substitution does
not improve either time or the cost of training as much as a 5% improve-
ment in "not present for training." Again, it is questionable that a
trainer grade substitution level of 10% is realistically maintainable in
the Army's peacetime environment. First, availability of trainers of the
appropriate grade can be no better than the percentage fill of officers
and NCOs, and many units are experiencing fill rates considerably below

*, 90%, particularly for key NCOs. Secondly, nontraining requirements for
j' MAlT teams, division schools, and the like continue to take NCOs away from
- units. So while improved trainer grade substitution is desirable, it did,,. -not seem practical to include in a program intended to be achievable.

TRAINING CAPABILITY

'CONBAT Z - 'M R -
.. A,,. . I

The 95% Baseline Training Program is dependent on holding turbulence
B, . and "not present for training" to 20%, and trainer grade slbstitution t.

15%. If the percentages teflected in te analytical baseline and the
Battalion Traning Survey are typical of the Army at present, attaining

t '¢' -
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the personnel conditions hypothesized in the 95% baseline appear to be
achievable, but doing so will require management attention at DA, MACOM,
and unit level. Quarterly turnover rates of 10%, in conjunction with
intensified action at unit level to minimize shifting of personnel within
the unit, should address the turbulence condition. Within the unit,
internal and external training distractors must be reduced and training
must be given sufficient priority to insure that an 80% present for
training level is maintained. To maintain a 15% trainer gr&de subsitution
rate requires that all available NCOs be assigned in their proper jobs and
presumes that they in fact be competent to conduct required training.

Sensitivity Analyses

Starting from the analytical baseline, high and low variations of the
three primary personnel considerations were assessed to determine the
effect on the required training for the 95% battlefield standard. Results
are shown in Table IV-3 and discussed below.

SENSITIVIT
ANALYSIS "

URBI.CE1

NOT PRESENT FOR I
TRAINING REAO(N SS _ T____ NG

TRAINING PROFICIENCY

1 RAINER CAPABILITY

TRAINING P G TRAINER AVAILABILITY

Turbulence

Turbulence is described as changes in duty positions, i.e., the per-
sonnel movements within the unit. Data for this computation were taken
from the Battalion Training Survey. Survey results are shown below:

Turbulence 20% 30% 35% 40% 50% 60%

Frequency Factor .72 .89 1.00 1.14 1.51 2.04

Table IV-2. Effects on Frequency of Sustainment Training (QTL3)
(at 95% Proficiency Levcl) Caused by Changes in Turbulence (% per
Quarter)

IV-7
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Factors shown in the table above can be used as multipliers to the
battle drill frequencies to define a new training program based on the
specified level of turbulence. For analysis purposes, turbulence levels
of 20% and 50% were selected. In the BTM, the training goals in number of
battle drills were multiplied by .72 (reflecting 20% change in duty posi-
tion per quarter) and 1.51 (reflecting 50% change in duty position per
quarter).

TURBULENCE
t O WHO IS THE GUNNER

ON 612 TODAY?

B N1 Z Z: N 30
MADYTa - - -G DAIS*

Varying turbulence to 20% and 50% from a baseline 35% yields the
results shown on Table IV-3. Summarizing the turbulence results:

20% 35% 50%

Training Days 162 213 307
Nontraining Days 33 -18* -112*
Maintenance Days 58 58 58
P2 Costs ($M) .43 .52 .67
Armmunition Costs ($M) 1.89 2.43 3.41

(QL4)

* Negative days imply work on weekends/holidays.

Table IV-4. Effects of High and Low Turbulence (% per
Quarter) on the Analytical Baseline (QL3)

IV-9
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.e V',rg I 1 .. : .ns , .' W, are 4031 .tt At is * l5" f.:
%, , the baseline), n.: the r._so, ts ar, di t int urequal At t'.e high

trbulprce !e',t', h -h u-c Lnils :rayv be cxeriencing now, an additlj-1l1
94 training days are required, a . 7- lr.crt-a e abt ) v pr grcm that is
already practic,llv ux . uabe. stated inother way, the high turbulence
case would require that 94 d3ys be taken frcr whot wmld nrmally be
weck, nds and h,-' dJ is :n "rIer t" - u- u:' r!:ni-' traininr. and

= maintenance, not inc:ludin.,, ainv ti:r> requirtd t ,r nr ra1Ir-g vtiv ti7s.
On the other hand, i.)wering tLkrlulence an equal amro:unt frees 51 dus fro
training (due to decreased repetitions) so that 33 nontraining days are
available. Likewise, the costs vary 3svmmetrically, decreasing 1 7 fwr P2

and 22% for aurunition in the improved case, and increasing ,9% (P2, an
40% (ano) for the worsened turbulence.

Turbulence is .,gacd.ed my nany as the Armv's primary dtrat)r ftro
training. If th e p- rsc'rne1 c ordit ions show'n in the basL Case ar€ rt<al-
istic conditions ;or today's Army, then even if a unit is acc07,plishing
fully integrated training it is still falling short of the standards
required for the 95% battlefield. If the personnel conditiocns are worse,
the training situation beocomes impossible if the :-b'ective is 95' pro-
ficiency, that is, corn-at ready tonorrow. On the pocitive sid, w>'wever,
a relatively modest improvemnt in turbulence results in a substantial
improvement in training days.

Not Present for Training

Thi "not present for training" category describes the daily tur'-,oil
within a unit in terms of soldiers who are not available for training due
to details, administrative requirements, medical appointmrents, or other

PRESENT FOR TRAINING? S

WIFE TO HOSPITAL REPAIRING M113 GUARD DUTY
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reasons. This percent can be expec ted to vary dur ing the year do ren1ing

on whether a unit is on prime time training (X-t ime , post support
(Z-time), or back-up post support (Y-time). The figures shown here repre-

sent an average or Y-time percent. Data for this computation was taken

from the Battalion Training Survey. Sirvey results are shown bclow:

Not Present for Tng 15% 20% 25%'  30 -0% 50% 60%

Frequency Factor .71 .85 1.00 1.16 1.54 2.00 2.57

Table 1V-5. Effects on Frequency of Sustainment Training

(at 95% Proficiency Level) Caused by Changes In

"Not Present for Training" (Average Daily %) (QL3)

Fact rs shown in the table above serve as multipliers to the battle

drill frequencies to define a training program for th,_ specified level of
"not present for training." The levels 15% and 40% were selected as low

and high alternatives for analysis purposes. The training goals in the

V.'S, expressed as a number of battle drills, were multiplied bv .71 and
S.5 , respectively.

In addition, the coefficient matrix describing personnel conditions

., also changed to represent the appropriate level of per-onnel not

present for training.

15% 25% 40%

Training Days 160 213 307
Nontraining Days 35 -i8* -112*

Maintenance Days 58 58 58

P2 Cost ($M) .43 .52 .68
Ammunition Cost (SM) 1.87 2.43

(QL4)

* Negative days implies work on weekends/holidays.

Table IV-6. Effects of High and Low "Not Present for Training"

(Average Daily %) on the Analytical Baseline (QL3)

In this case, the high and low variations from the baseline are not equal

(10% below, 15% above), but the results represent an even larger percent

variation. By increasing the percentage of troops attending training bv

10%, the number of required training days decreases 25%, and the cost of

training decreases by an annual total of $650,000, considering both P2 anJ

ajanunit ion.

The causes of troops being unavailable for training for other d':tits

are many and varied. They may be assigned to special duty which taK.-
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themn away, days or months at a time. rh " l m:v simply ht :aken o-, tile spur
of the morrent for detail, or they may be attending t, persona, requ ,re-
ments. In any event, the basic cause is that other requirements are
deemed more important than training. As the figures above indicate., a
high level of "not present for training" results in a high price; in
dollars, in time, and in failure to meet the standards of the Q5%
battlefield.

Trainer Grade Substitution

"Trainer grade substitution" refers to the effect on training of sub-
stitution of trainer of a lower grade than prescribed by the Table of
Organization and Equipment. The basic premise is that the less experi-
enced trainer would require more time per training period to train his men

TRAINING CAPABILITY -

.

aa - K W - a .
,, ADY . ... ,G O 's,- a

to the same level of competence. The factors used _o modify the length of
time to train were taken from the Battalion Training Survey. Factors from

" "the survey are shown below:

Trainer Grade Sub 10% 15% 20% 25% 30% 40%

Training Time Factor .86 1.00 1.18 1.39 1.64 2.31

Table IV-7. Effect on Length of Training Period (for 95% Proficiency)
Caused By Trainer Grade Substitution %. (QL3)

IV-12
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Factors for 10% and 40% grade substitution were used to modify the-length

of training time in the BTM. The lengths of the time to train coeffi-

cients were modified by 0.86 and 2.31 respectively.

Shown below are the summarizing results of varying the level of train-

er grade substitution from Table IV-3:

10% 15% 40%

Training Days 190 213 307

Nontraining Days 5 -18" -112*

Maintenance Days 58 50 58

P2 Cost ($M) .47 .52 .bl

Ammunition Cost ($M (QL4) 2.'.3 2.43 2.32

Program Completion 100% 100% 83%

*Negative days imply work on weekends/holidays.

Table IV-8. Effects of High and Low Trainer Grade
Substitution on the Analytical Baseline (QL3)

Improvements in trainer grade substitution (reduction to 10%) seem to

give less dramatic results than variations in either turbulence or present

for training. Due to the nature of trainer grade substitution, the train-

ing program is the same as the analytical baseline in terms of number of

repetitions of battle drills and is executed completely. The program is

executed in 23 fewer days.

The worsened substitution, 40% grade substitution, results ir, a pro-

gram that reaches only 83% completion, despite an increase in training

days of 94 days. The 40% case is, however, a more drastic change from the

base (more than double) that was the case for either turbulence or not

present for training. Note that in this case the dollar cost dropped off

somewhat from the base case, simply because the training program could not

be executed. The limiting constraint on program execution is trainer

mandays.

The disturbing fact about trainer grade substitution is that the

higher figure of 40% may represent what many units are presently

experiencing, as NCOs are diverted from TOE units to other jobs. To the

extent that the factors developed from the BTS are accurate, a situation

exists which makes the 95% battlefield standard unobtainable. These

results add emphasis to the necessity to utilize NCOs in their proper duty

positions.

Less Qualified Trainee (Mental Category IV)

For this sensitivity run, an attempt was made to determine the effect

on the unit training program of less qualified trainees. The Battalion

IV-13
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Trica >' C S.rvev -r.x ieI the Jji a that, in th11 opinion of tlhs, qS rve .

the frequency of training woold have to be increased by a factor of I.

an, the training time by 1.4 for a unit with a mai-rit% of Cat i'.' s.-

These factors were applied to the battle drill repetitions and the litngtr.

of training parameters in the BTM. Personnel conditions (turbul .nce, n:

present f.,r training, trainer grade substitutions) remained tie samt as

the analytical baseline.

It should be noted that the factors obtained by the survey are sub.,e-

to question since many of the respondents had little experience with lower

mental category soldiers.

Baseline Cat IV

Training Days 2L3 30-

Nontraining Days -18* -112

Maintenance Days 58 56

P2 Cost ($M) .52 .7t

Ammunition Costs (SM) 2.43 3. 38

Program Completion 100% 

* Negative days implies working weekendsholidays.

Table IV-9. Effects of Mental Category IV

Trainees on the Analytical Baseline kQL4)

As the results displayed in Table IV-3 show, the effect of the lesser

qualified trainee is disturbing, costing a total of $1.2M more than the

analytical baseline and falling approximately 10' short of completion of

the 95% battle field training program. T-his is a particularly alarming

result if more mental category IV soldiers enter the force in the future.

The implication for trainers is that effort must be expended to develop

classification systems and training packages that will serve to reduce t..e
time and frequency multiplier effects found by the training survey.

Readiness Keyed Programs

The next category of computer runs by the BTM dealt with this basic

question: suppose that rather than gearing the training program to the

standards of the 95% battlefield on a continuing basis, a unit trains to a

lesser standard during peacetime and trains up after being alerted and

before commitment to combat. What would it cost to execute this post-

alert training and what effect would this approach have on any sustaining

training program? Using terminology found elsewhere in this volume, a

battalion with 5 training days prior to commitment is reforred to as Bn-5,

10 training days Bn-lO, etc. Thus, the task was to dcsign training pro-

grams for Bn-5, Bn-l0, Bn-20, and Bn-30 battalions, each program consis-

ting of a sustaining and post-alert package.

.IV-14

7_°
" : " ' '-" "" "" "" "', ", "" " '- " "" ." " °"' " ." ". " " -" " " .' " ."" ..''' .'' ''' , ' ' ," "" ."._7



TRAINING READINESS .%BT,

RESERVE 2

COMPONENT a BN-3030 DAYS OF TRAINING

(CONUS) 'o A 20 21 - 0 PRIOR TO COMBAT

ACTIVE , 9

(CONUS) 3 '2 A BN-15 15 DAYS OF TRAINING
PRIOR TO COMBAT

ACTIVE A
FORWARD BN-1 -1 DAY TO COMBAT

DEPLOYED

Once again the Battalion 1'raining S,.;rvtv served as the sour'e of lata.
The survey respondents felt that when the length of time between rep-ti -

tions is doubled, the length of training time rtequired to make up for the
increased decay is one-third larger than the normal training period. In
other words, reducing the frequency of training by half caseJ tho time
length of each training period to be increased by one-third across all
task. Applying this finding to the problem at hand, the frequency of
those battle drills planned for training as part of post-al.rt can be cut

in half during sustainment training, so long as te length of training is
increased by one-third.

The starting point for the analysis is the 95% Baseline Training Pro-
gram. As a first approximation, the BTM goal program was itilized to
select the post-alert training packages (alternative packages were also
developed). The 95% Baseline program was modified to incorporate condi-
tions that would seem realistic for a post-alert situation. The length

of the training day was extended from 8 to 10 hours in garrison and from
10 to 12 hours in the field (bear in mind this is training time, not time

for meals, movement, etc.). The present for training percentage was
increased to 90% for the Bn-5 and Bn-lO post-alert programs, and b5, for
the Bn-20 and Bn-30. The assumption is that even under post-alert con-

ditions, there would be some troops absent from training for administra-
tive requirements. The goal program was prioritized so as to select as
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many batt 1 e -I, aS possible w1t i- the ontrai t of the 5,

3- tra 11. g " a,) allotted TI.e B .2 0 a!,, in-3 , program' a' F :

ART FP evaluati n. The post-altr-r t rani pro. rams se Icted b t- -

ter are shown at T'able IV-10. For comparison purposes, or o~a7 t-11
by ARTS are shown at Table IV-l1.

Based on the results of the post-alert runs, mat.-hin'! sost lnm-',
ra :i ng prcgram7s werE devel>ped. The technique W'as t' lake tloset-

dr ils selected for conduct post-alert, then increase their time to tr.n
bv one-third and cut the frequency in half. The results are at Table 12.
As is reflected in the results, significant dollar sa'inge are possible.

Package Bn-5 Bn-I0 Bn-20 Bn-3-

Training Activ'tv
(Repetitions)

ARTEP 0 0

Mcve Co 1 1 1 1
Move(Plt/Sqd) I 1 1 1
ShtCo 1 1

Shoot(P1t/Sqd) 0 0 0
F&M Co 0 0 1 1
R&S Co 0 1 1
Coc Co m 1 C 1
BP'H Co 0 1 1 1
B: H(Plt/Sqd) 0 0 1 1
Sustain Co 1 1 1
Sustain(Plt/Sqd) 0 0 0
Siptport Co 1 1 1 1
NBC 0 0 1 1
MOUT 0 i 1 1
(Days)
Ldr Tng 0 0 5 5
SCO Tnz 5 5 5 5
Scout Tng 0 5 5
Redeye Tng 5 5 5 5
GSR Tng 5 5 5 5

P1 $ 12,543 27,303 59,277 9, 1

CL V $ (QL4) 90,250 111,480 230,865 550,1 ,

Table IV-10. Post-Alert Training Packages* (QL3)

*The goal progra. ing algorithm attempts to condu:t as many battle

drills as possi le within the time constraint , thus it will select
the shorter d Ils first. The urills vary in length, hence the
number of dr Is cannot be 1 irectIv reIated to the number of days-

.
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Package Bn-5 Bn-10

Training Activity

(Days)

Move Co .25 .5

Shoot(Plt/Sqd) 1 2

F&M Co 1 2

R&S Co 1 2
Comm Co .25 .5

BP/H Co 1 2

NBC .25 .5

MOUT .25 .5

NCO Trg 5 5

Scout Tng 5 5

Redeye Tng 5 5

GSR Tng 5 5

P2 $ 14,588 26,028

CL V $ (QL4) 356,526 356,526

Table IV-11. Tailored Post-Alert Training Packages* (QL3)

*For the tailored program, battle drills were expressed as a specific
portion of a day. Note that the drills selected were more expensive

than those selected by the goal program, primarily due to inclusion
of the Shoot (Plat/Squad) battle drill, which is a large consumer of
Class V.

More important than specific results, however, is the approach repre-

sented in this analysis. By deferring certain training until after alert

there is a potential dollar savings that occurs every peacetime year.
Secondly, approved Bn-i, Bn-5, Bn-10, Bn-20, Bn-30 training program re-

present benchmarks against which units can be provided resources and these

benchmarks can be related to missions And deployment times.

Two cautions are in order. First, the above discussion is based on

the premise that if a unit is given adequate resources it will train to
the appropriate level. Only an independent evaluation system can confirm
this vital assumption. Secondly, the post-alert training programs assume

that the dollars, or more accurately, the goods they represent, are

imnediately available upon mobilization. There may be other real world

cuosiderati.ins, such as range or equipment availability, which would make

the deferred training approach impractical. This would be the case should

a division, for instance, have only a brigade's worth of .quipment. A

possible solution might be a mix of AN levels within a division. This

. IV-I 7
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requirement for multiple simultaneous training resources post-alert may
preclude application of this approach to units deploying in less tnar'20
or 30 days. On the other hand, investment in the necessary additional

+." facilities and reserve stocks might pay for itself overtir,-. Further
analysis is required.
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Chapter V

CONCLUSIONS AND RECOMMENDATIONS

Tentative results and conclusions for the descriptive training
programs described in Chapter IV are presented followed by results and
conclusions pertaining to a prescriptive training resource model and
costing methodology to support those programs. The chapter is concluded
by substantive and administrative recommendations.

Descriptive Training Programs

a. Tentative Results - First generation training programs based on a
ground force capable of fighting to Bn-I (95%) readiness standards with no
warning time (Bn-1) or 5, 10, 20, and 30 days warning have been developed

(see chapter IV). As indicated earlier, the programs were formulated based
on data from the Battalion Training Survey as appended and expanded upon (QL3)
by TEA '78 and "Best Battalion" Costing Program data. Integration factors
were applied and the results were factored into a program whose linchpins
are represented by the following assumptions:

ORGANIZATION OF WEEK
X TIME - 10 HR/DAY - 6 DAYS WEEK
Y TIME - 3 DAYS FIELD, 2 DAYS MAINTENANCE - 2 DAYS

WEEKEND PER WEEK
Z TIME - I DAY TRAINING, 9 DAYS SUPPORT, 4 DAYS WEEKEND

PER 2-WEEK PERIOD

TRAINING PRIORITY PERIODS
- X, Y, & Z - 2-WEEK BLOCKS
- MTX - 3-WEEK BLOCK - THREE PER YEAR

TRAINING DRILLS - Y & Z TIME - GARRISON & CLOSE IN RANGES

BATTLE DRILLS - X TIME - LTA & MTA*

ARTEP MISSIONS - X TIME - MTA

*FOR FORSCOM LTA - NONPRIORITY USE OF MANEUVER AREAS: MTA - PRIORITY USE

OF MANEUVER AREAS

V-1
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TRAINING FOCUS
- CREWS/SQD - TRAINING DRILLS - GARRISON, LTA & RANGES

- PLATOONS - BATTLE DRILLS - LTAs

- CO/TM - BATTLE DRILLS & COMBINED ARMS EXERCISES, ARTEP
MISSIONS (PRIORITY) - MTAs

- BN/TF - COMBINED ARMS ARTEP MISSIONS (MTA), TACR,
GDP MISSION TRAINING (NONPRIORITY PERIODS)

TRAINING FOCUS
- NCOs - SM, TRAINING DRILLS & MAINTENANCE

- OFFICERS - BATTLE DRILLS, ARTEP & GDP

* DECREMENTING PRIORITY: REDUCED FREQUENCY OF BATTLE DRILLS
(I.E., FEWER TACTICAL CONDITIONS)

* GUNNERY - INTEGRAL PART SHOOT BATTLE DRILL
- IND ARMS - QUALIFY I PER YEAR
- IND ARMS - VERIFY PROFICIENCY 3 PER YEAR

- CREW SERVED - 1 PER QUARTER
- CO LEVEL CALFEX - 1 PER YEAR PLUS

I SUBCALIBER PER YEAR
- BN LEVEL CALFEX - 1 PER YEAR

MAINTENANCE
-1I HOUR PER DAY
- 2 DAYS PER MONTH - Y & Z 27% 35% (INCLUDES CON-

- I DAY PER WEEK CURRENT TRAINING)
-1 DAY PER QUARTER
- TRAINING MAINTENANCE - CONCURRENT

MISSION TASKS - 3 DAYS PER QUARTER

• MANDATORY TRAINING & SQT PREP - 9 DAYS PER YEAR

• NONTRAINING TIME - 17 WEEKS/PER YEAR - FORSCOM

14 WEEKS/PER YEAR - USAREUR

The resultant program for personnel conditions approximating the mean
between FORSCOM and USAREUR is outlined as Set I below (the analytical
baseline). The Set II program (95% baseline) was developed afLer applying
Battalion Training Survey correction factors for the more favorable (QL3)

personnel conditions indicated.

V-2
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PERSONNEL CONDITION SET I SET II
Turbulence %/Qtr 35% 20%
Not Present for Tng %/Day 25% 20S
Fill-Officer/NCO 85% 85%

ARTEP/BATTLE DRILLS Time (Hr) Frequency Time(Hr) Frequency

ARTEP Diagnostic 72 1/QTR 72 I/Qtr
Move (Company) 7 1/Yr 7 I/Yr
Move (Plat & Sqd) 22 4/Yr 22 4/Yr
Shoot (Company) 5 4/Yr 5 3/Yr
Shoot (Plat & Sqd) 41 4/Yr 41 3/Yr
Fire/Maneuver (Co) 21 4/Yr 21 3/Yr
Fire/Maneuver (Plat & Sqd) 49 6/Yr 49 4/Yr
Recon/Security (Co) 16 5/Yr 16 3/Yr
Recon/Security (Plat & Sqd) 59 3/Yr 59 2/Yr
Commo (Company) 6 4/Yr 6 3/Yr
Commo (Plat & Sqd) 15 3/Yr 15 2/Yr
Battle Position (Co) 14 4/Yr 14 3/Yr
Battle Position (Plat & Sqd) 37 4/Yr 37 3/Yr
Sustain (Company) 12 6/Yr 12 3/Yr
Sustain (Plat & Sqd) 42 4/Yr 42 3/Yr
Support (Company) 56 5/Yr 56 3/Yr
NBC 19 5/Yr 19 3/Yr
MOUT 16 3/Yr 16 2/Yr
Other

Bn FTX 72 1/Qtr 72 I/Qtr
Bn Battle Simulation 72 i/Mo 72 I/Mo
Div FTX 72 I/Yr 72 1/Yr
Bde FTX 72 2/Yr 72 2/Yr
Bde Battle Simulation 72 1/Qtr 72 1/Qtr
AGI 1 Week I/Yr I Week 1/Yr
AGI Spot Check I Day 1/Yr 1 Day 1/Yr
COMET (Maintenance 1 Week 1/Yr I Week 1/Yr

Inspection)
NCO Development 4 I/Mo 4 1/Mo
A & R 4 1/Wk 4 1/Wk

b. Conclusions - These programs have been formulated based upon the
opinions of 269 officers or NCOs who occupy or have recently departed
leadership or key staff positions in Mechanized Infantry or Armor
battalions. Although imperfect, they represent the best data on the
precise training requirements for the Mechanized Infantry/Tank task force
available in the Army today.
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RESOURCES

Prescriptive Training Resource Model

TIME DOLLARS PEOPLE

TYPE TRAINING MAINTENANCE MON-TRAINING
UNIT DAYS YEAR DAYS YEAR DAYS YEAR P2 CL V TURB NPFT** FILL***

SET IA 213 84% 40 16% 0 0% 516K 2400K* 35% 25% 85%

CurrentB 113C 44Z 54 211 92 35% 218K 654K* 35% 25% 851

MECH
FORSCOM

CurrentB 127C 501 51 201 101 39%D 343K ? 35% 25% 851
MECH

USAREUR

SET ZIA 141 561 58 231 54 21% 396K 1674K* 20% 20% 851

A- Bn-I (952) Readiness
B- Readiness undetermined
C- Includes athletics and recreation (WR Programs)
D- txceeded 253 day year

- munition costs can be reduced by approximately 1/3 by using abbreviated tables,
subcaliber and gunnery training devices. Class V data is (QL4).

**- Not Present for Training Z per day
***- Officer/NCO Fill

a. Tentative Results - The people, dollars, and time costs for the Set I (High
Turbulence, Bn-l Readiness) and Set II (Low Turbulence, Bn-I Readiness) programs (QL3)
as well as programs of sample battalions in FORSCOM and USAREUR are outlined above.

b. Conclusions

(1) Time

(a) Based on a general approximation of current personnel conditions (35Z
quarterly turbulence, 85% fill, 251 not present for training), Bn-i readiness (QL3)
cannot be reached without reducing maintenance time to 16% and nontraining

0W time (Post support, pay day, ceremonies, etc.) to 0% of the duty year, both

unacceptable conditions(Set I above).
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Cb) By changing personnel conditions to 20Z quarterly turbulence,
20% not present for training and 85% fill, Bn-I (95%) readiness;standards
can be reached by devoting 56% of the duty year to training, 23% to
maintenance, and 21% to nontraining activities (Set II, table, previous
page), percentages that appear tolerable based on "Best Battalion" Costing

Program result (see Current Mech FORSCOM and USAREUR, table, previous page).
95% BASELINE TIME ALLOCATION: 56% training, 23% maintenance, 21%
nontraining.

(2) People

(a) Turbulence conditions above 20% quarterly (10% quarterly (QL3)
turnover per AR 220-1) must be reduced by DA and subordinate echelons
if Bn-l (95%) readiness standards are to be reached. Turbulence
conditions above this will precipitate such high training task frequency
requirements that it will lower time available for maintenance and
nontraining activities to unacceptable levels. Very low levels of
turbulence below this baseline are improbable as they will significantly
restrict DA flexibility in addressing such personnel challenges as remote
tour equity, officer/NCO professional development and volunteer Army
commitments.
95% BASELINE TURBULENCE: 20% per quarter.

(b) Not present for training strength in units (Y time; i.e.,

neither training priority nor post support priority) above 20% daily must
be attenuated by DA, MACOM, and division policies and below 20% (QL3)

maintained by units if Bn-I (95%) readiness standards are to be reached.
It is assumed that X time (training priority period) not present for
training figures approach 10% and Z time (post support priority period) not
present for training figures approach 90%. Conditions above this baseline
will precipitate training task frequency requirements that will compromise
required maintenance and nontraining activities. Conditions below this
baseline will provide units very little flexibility to address sick call,

guard details, charge of quarters (CQ), and other like activities.
95% BASELINE NOT PRESENT FOR TRAINING STRENGTH: 10%X, 20%Y, 90%Z.

(c) Personnel fill conditions for all grades below 85% full must be
attenuated by DA policies and at 85% accommodated by units if Bn-I (95%)

readiness standards are to be reached. Fill conditons below this baseline
will cause training task time requirements that will compromise maintenance
and nontraining activities.
95% BASELINE PERSONNEL FILL: 85% OFFICER/NCO.

(3) Dollars: Prescriptive monetary requirements to address Bn-i

(95%) readiness standards based on required personnel conditions are outlined

on page V-4. Ammunition costs exceed P2 mission costs (primarily POL and (QL4)

Class IX spare parts) by a factor of three. Ammunition costa should be

v-5
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amenable to reduction by approximately one-third by using abbreviated
gunnery tables and subcaliber and other gunnery simulator devices during
marksmanship programs. The degree of substitution acceptable to a unit at
Bn-l and lesser levels of training readiness must be verified by
subsequent analysis and test (see TEA Summary Volume).

(4) Summary:

(a) It is reassuring to compare current dollars, people, and time
resources being utilized by FORSCOM and USAREUR units and those which are
required for Bn-l readiness (95%). With tough but viable policy changes, (QL3)
the Army can reach this high but necessary readiness posture. If DA
policies can attenuate turbulence from 35% to 20% (reduction of quarterly
turnover rate from 17.5% to l0%)and NACOMs, divisions, and units can
implement policies that ensure not present for training strengths of 10%,
20%, and 90% for X, Y, and Z time, respectively, and reduce nontraining
time activities by 15% and 18% for FORSCOM and USAREUR units, respective-
ly, Bn-l (95%) readiness is attainable. This statement presumes that the
prescribed dollar requirements are provided by OSD, OMB, and the Congress.

(b) Dollar requirements are generated by time requirements to
reach Bn-1 (95%) readiness standards. Time requirements in turn are
driven by personnel conditions. Based on analysis of the preceding para-
graphs, dollars cannot fully compensate for time or personnel resource
shortfalls. Time can compensate for dollar resources by stretching out (QL3)
treining programs, but it cannot compensate for personnel resources with-
out bankrupting maintenance and nontraining time requirements. Person-
nel, accordingly, is the resource of preeminent importance. It follows
that when dollars are arbitrarily reduced, time (field training days) must
be reduced. If personnel conditions cannot be improved to reduce training
task frequency requirements, readiness will fall; the decrement can be
approximated by the BTM. Likewise, if training time is reduced (osten-
sibly for nontraining activities such as Reserve Component assistance
training, post support, etc.), only personnel conditions can make up the
discrepancy. The personnel community will be operating with difficulty to
ensure 10% quarterly turnover, 85% officer/NCO fill and 20% not present
for training conditions due to continuing obligations to professional
development, remote tour equity and Volunteer Army recruitment commit-
ments. Therefore, it appears likely that any arbitrary dollar or time
reduction will be matched with a virtually certain training readiness
reduction. The degree of anticipated readiness reduction can be
approximated by the BTM.
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Prescriptive Costing Methodology:

Tentative results and conclusions for the costing methodology required
to support descriptive training programs and the prescriptive training
resource model outlined above are included in Annex 0. A distillation of
the requirements of that methodology are outlined below:

a. Training requirements. Precise requirements in the form of
battle/training drills by number and type are determined by ARTEP
diagnostic evaluation and commanders' judgements using the descriptive
training program outlined above as a guide.

b. People requirements. Turbulence, turnover, fill, and present for
training percentages can be predicted and tailored to provide the most
effective and efficient training environment for the period of the training
schedule being addressed for programming and budgeting.

c. Time requirements. Based on training requirements and personnel
conditions, the time and frequency requirements for battle/training drills
and other training (ARTEPs, FTXs, battle simulations, etc.) are developed.
These times and frequencies are translated into requirements for number of
training days by type day in consonance with the following listing:

TYPE TRAINING DAYS

Line Companies Battalion Headquarters

Small Unit FTX Battalion Level FTX
Battalion Level FTX Multiechelon ARTEP
Multiechelon ARTEP Tactical Exercise w/o Troops
Mission Training Command Post Exercise
Garrison Training Mission Training

Heavy Mortar Platoon Other Platoon/Team

Platoon Field Training Platoon/Team Field Training
Battalion Level FTX Battalion Level FTX
Multiechelon ARTEP Multiechelon ARTEP
Mission Training Mission Training
Garrison Training Garrison Training

d. Dollar requirements. These requirements embrace parts, POL,
ammunition, and other fixed and variable costs as listed on the next page.
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(1) Spare parts and POL. Miles per type vehicle per type day are
determined. These derivations are applied to dollars per mile cost factors
(POL and spare parts) determined for each installation. A similar system
is used for other items of equipment except hours of operation factors ,
(radios, generators, etc.) are used in place of miles. Total parts and POL
dollars are determined by:

No. type days x miles x $ = $; A+B+C type day $ = Total $
type day mile

(2) Ammunition. Ammunition requirements per type battle/training
drill are projected in accordance with dollar ceilings established by
higher headquarters and accounted for through the training ammunition
management information system (TAMIS) once it is implemented. Projections
are based on codified allocations by type of ammunition for each battle/
training drill as refined by the local commander based on his own estimate
of his situation.

(3) Other dollar costs. These costs are represented by such items
as quarterly droppage, web gear wear and tear, and batteries for the M70
TOW trainer associated with training activities. The comprehensive and
diverse nature of these cost categories mandate that they be handled on a
case-by-case basis.

Recommendations.

a. Descriptive Training Programs.

(1) HQ TRADOC (ARTSG) develop and administer one additional
Mechanized Infantry/Tank Task Force Survey designed to conform with
expanded sampling of critical values and/or relationships for the BTM.
This survey should be applicable for combat support unit use (Artillery,
Air Defense Artillery, Engineer).

(2) HQ TRADOC sponsor the following BTM coordination meetings
during First Quarter 1979 (meetings ongoing with routine staffing in
TRADOC).

(a) Conference between the Armor and Infantry Schools, ArmyH Training Board, and ARTSG to evaluate battle/training drill and type
training day concept and to develop a detailed BTM implementation plan.

(b) Meetings with MACOMs to coordinate concepts and recommendations
developed at conference above.
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(3) HQ TRADOC expand following documents in manner indicated during

FY 1979:

(a) ARTEP Training and Evaluation Outlines. Modify to include
individual and collective tasks and battle/training drill elaborations of
ARTEP missions as established in current ARTEP 71-2.

(b) Commanders' Manuals. Modify to indicate frequency of
repetition of battle/training drills for maximum multiechelon, integrated

training; list high decay skills (Annexes E & J); and recommend program

decrementing diternatives for varying resource decrementing levels.

(c) TC 21-5-7. Explain battle drill system evolution as well as

recommended guidance on planning and execution of priority period training.

(d) FM 71-1 and 71-2. Modify to provide examples of battle drills
and specific tactical dispositions, conditions and tactical purposes

related to team/task force tactical doctrine.

(4) HQ TRADOC (ARTSG) in coordination with MACOM prepare draft

readiness keyed training programs for units scheduled for one, five, ten,
twenty, and thirty days of predeployment training (see Chapter IV).

b. Prescriptive Training Resource Model.

(1) BTM analysis poses significant general personnel policy issues.
These issues should be evaluated by the responsible agency as a matter of
priority:

(a) HQDA review implications of improved assignment policies which
will precipitate 10% quarterly turnover (20% turbulence), 85% fill for

officer/NCO grades and 20% daily not present for training strength.

(b) HQDA explore desirability and feasibility of expanding
installation TDAs or other comparable measures for high priority units to
reduce not present for training requirements placed on those units.

(c) HQ TRADOC (ARTSG) corroborate ARTS data and model building
methodology and provide BTM sensitivity analysis support to HQDA to

demonstrate over-riding impact which personnel conditions have on training

time and readiness.

(2) HQ TRADOC conduct follow-on ARTSG TEA '79 & '85 program to:

(a) Refine survey-derived time, dollar, and people costing data

currently factored in BTM.
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(b) Determine training proficiency as a function of frequency.;of
repetition.

(c) Provide data on training proficiency and relative costs as a
function of subcaliber and gunnery training devices.

c. Prescriptive Costing Methodology: HQDA adopt common costing
methodology outlined in Annex 0.

d. Further BTM Developments.

(1) HQ TRADOC sponsor a conference between HQDA, TRADOC and
Operating Commands to discuss the proponency and direction BTM short- and
long-range follow-on efforts during October 1978. The conference should:

(a) Consider Concepts and Analysis Agency (CAA) as proponent for
BTM progra4 capable of addressing high level policy issues on a large
research type computer (see Annex P).

(b) Consider TRASANA as proponent for BTM program capable of
addressing unit training management issues on an IBM 5100 computer (see
Annex Q).

(c) Consider Army Training Board as proponent for BTM program
capable of laying out descriptive training programs for field use.

(d) Consider ODCSOPS as overall proponent to coordinate
recommendations described above.

(2) In addition to actions recommended in paragraph a above,
HQ TRADOC (ARTSG), by 1 April 1979:

(a) Validate individual/collective task integration factors
outlined in Annexes F through I.

(b) Review current Mechanized Infantry/Armor data and relation-
ships for applicability to RC units and correct survey data with TEA '78
results.

(c) Refine the integration - training program relationships to
align with the remainder of the program, develop the training area
relationship and refine the equipment availability formulation in the BTM.

(d) Reconfigure the BTM for field validation.
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ANNEX B

"BEST BATTALION" COSTING PROGRAM

Introduction

This annex outlines the procedures used to develop the data outputs
of the best battalion costing program. The purpose of the program was to j
assemble data relating to the training conducted by a high performance
Armor battalion in CONUS and USAREUR as well as a high performance
Mechanized Infantry battalion in CONUS and USAREUR. The data provided
insights for the development of the training programs included in the
BTM. Additionally, a significant portion of the cost data incorporated
into the BTM were outputs of the best battalion costing program. The
collection effort focused on three general data categories; training activ-
ities, personnel conditions, and training costs. A recapitulation of
the data collected follows the discussion of the data collection
methodology.

TRAINING ACTIVITIES

General

One year's training schedules (May 1977 - April 1978) for each of the
units examined were analyzed to develop a time distribution of scheduled
activity. In cases where the training schedules were missing or ambiguous,
training calendars, master activity schedules, and training activity reports
were used to fill in gaps. Data was developed for a company sized unit,
since this is the level at which training schedules are prepared. The
following decision rules were applied:

* Training times were recorded for the line companies on the assumption
that training for the headquarters and headquarters company (HHC) and com-
bat support company (CSC) could be conducted within the overall time limi-
tations of the line companies. However, high cost training conducted in HHC
and CSC were recorded as separate, nonadditive entries. An example of such
training is that conducted by the combat support platoons of the CSC.

• Training schedule entries frequently indicated one activity for
"company (-)" and other activities for "selected personnel." In consonance
with normal training schedule preparation procedure, the "company (-)"
entry was taken as the company's primary activity and so recorded. Entries
for "selected personnel" were recorded only for those cases where they repre-
sented cost-sensitive activities such as weapons firing.

Times were recorded to the nearest half-hour. It should be noted that
some training days did not specify a full 8 hours of scheduled activity.
Meal times were not counted. An activity which took an entire day or
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longer, such as an FTX, was recorded in days. To convert hours to days, "
hours were divided by eight and rounded to the nearest day. To compute
percent of time by category, a percentage was calculated for each companfy
and simple averages taken of the three companies by category.

Description of Activity Categories 4

Maintenance. Includes all time specifically identified for maintenance
of all types of equipment to include motor stables and Equipment Service-
ability Criteria checks (ESCs). The total for this category may understate
the hours actually performed; as maintenance time scheduled for "selected
personnel," which was a common entry, was not recorded.

SM Training. Includes time identified as soldier's manual training.
Also includes squad level training where the reference listed was the
"CAT B Training Package." It is possible that some hours of squad col-
lective training were picked up in this category since in some cases it
was impossible to determine whether the squad level training was on indi-
vidual or collective tasks.

V SQT TraininR. It is recognized that this represents the same type of
training as the category "SM training"; however, because concern has been
expressed over the amount of time units spend specifically in preparation for
the SQT, and it was so identified on the training schedules, it was treated as
a separate category. SQT training includes:

SQT Preparation
Practice SQT Test (HOC)
SQT Testing
SQT Review

ARTEP - Garrison. This category includes ARTEP-related training con-
ducted in garrison, both classroom and company area.

Battalion FTX. Includes time identified on training schedules as
battalion level FTX. In some cases, a judgment had to be made as whether
the activity was conducted at battalion level, at company, or below.
Additionally, unless explicitly scheduled otherwise, all major training area
(MTA) time for the two USAREUR battalions was categorized as battalion FTX
time. Preparation for, and the conduct of, battalion ARTEPs was also included
in this category.

Company FTX. Includes time identified on the training schedule as company
level FTX. This category would include platoon and squad collective training
when conducted with the entire company in the field. It also includes com-
pany ARTEP training and an aggregation of subunit evaluations.

Mission Training. This category addresses mission-related training which
is exclusive of SM/ARTEP tasks. Included are such activities as: emergency
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deployment readiness exercises (EDRE), ammunition up-load exercises, civil
disturbance training, and alert ready force (ARF) commitments. The time
shown for this activity may be understated due to the manner it appeared on
the training schedules. On occasion, time for a given type mission require-
ment was scheduled for the entire company, and thus was recorded as the
company's principal activity. On other occasions, it appeared as involving
only "selected personnel" and was therefore, not recorded.

Tank Gunnery. Time in this category is limited to range time.
Classroom-type gunnery instruction time was recorded with SM time.

NonSoldier's Manual Training. This category includes general subjects
required/desired for the individual soldier but not related to soldier's
manual/ARTEP tasks. The following are some examples of such subjects:

Code of Conduct
Human Relations/Equal Opportunity
Military Justice
Geneva/Hague Convention
Crime Prevention
Drown Proofing
Service Benefits
Unit History

Other. Included in this category are collective activities which
do not relate to ARTEP training, as well as entries not specific enough to
categorize elsewhere. This category includes:

Preparation for Organization Day/Week
Organization Day/Week
People's Day Activities
Payday Activities
Change of Command Ceremonies
Training Holidays
Compensatory Time
Commander's Time
Physical Training*
Athletics and Recreation*
Unit Inspections

Annual General Inspection
Inventories of Equipment
Preparation for Inspection
Preparation for Overseas Movement (POM)
Records Update
Unit Parties
German-American Activities
Adventure Training (Skiing, Mountain Climbing)

*Subsequent to the completion of the best battalion costing program ARTS

established a specific training category to accommodate A&R and physical
training actvities.
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Unit Personnel Conditions

The unit personnel conditions addressed by the best battalion costing
program are: percent officer/NCO fill, percent of turbulence within the
battalion per quarter, percent not present for training (NPFT), and
battalion operating strength as a percent of TOE authorization. With the

exception of NPFT, the data was derived from monthly personnel data
summaries. Monthly turbulence was assumed to be twice that shown for monthly
turnover. Averages of the monthly data were taken to allow for the display
of the personnel conditions by quarter.

The NPFT figures for the CONUS Armor battalion were developed from an

analysis of available daily present for training reports in conjunction with
the unit's training schedules. Daily present for training reports were not

available for the CONUS Mechanized Infantry battalion. The data shown for

the battalion was derived from not present for training records of another
Mechanized Infantry battalion in the same brigade. It was assumed that both
battalions would have relatively similar histories of not present for
training strength.

Daily not present for training records were not available in USAREUR.
The NPFT figures shown for the two battalions were based on a combination of
unit after action reports and ARI data. These sources did not provide suf-
ficient depth of information to permit the estimation of other than X (prime
training) time figures.

Unit Training Costs

The cost of the unit training conducted by the four battalions was based
on an aggregation of the costs of the different type training days identified
as being cost sensitive.

Having broken down the unit training schedules into days of various type
activities, the next step was to develop cost factors for each type day.
The methodology for both CONUS and USAREUR was to use available data which
pro-rated POL and spare parts costs to miles driven by type vehicle. These
factors were then multiplied time the miles driven (by type vehicle) on a
particular type of training day and by the number of vehicles involved in

that type activity. In other words:

$ (POL + Spare Parts) X Miles X Vehicles $ $/Type Day
Miles Vehicle Type Day

Finally, the number of days by type was multiplied by the cost factor and
summed for the cost of the training program. The particulars of how this was

done varied somewhat between CONUS and USAREUR.
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CONUS costs were developed using the FORSCOM TMCS (P2 Mission)Model.

For the battalions examined, worksheets were developed listing the number of
vehicles by type and average miles driven for each type trainingiactivity.

Miles driven was estimated by the units. The worksheets were submitted to
FORSCOM for processing by TMCS. The dollar output was then divided by the

number of training days reflected on the worksheets to come up with a cost
per day.

Costs for the USAREUR battalions were developed from the V Corps Program
Development Handbook (Draft). The data for the handbook was collected from
31 V Corps battalions, including the two battalions examined by ARTS. The
handbook provides cost per mile by type vehicle. Other data collected from

exercise cost feeder reports provided miles per type vehicle by each type
training activity.

A recapitulation of the data assembled from the best battalion costipg
program is displayed on the following pages.

,1 EUROPE CONUS

TK Bn Mech Bn Mech Bn TK Bn

Maintenance "...' 55 51 54 84
SM Training 19 16 15 12
SQT Training 7 13 12 5
ARTEP Garrison 10 1 7 0
BN FTX 27 66 26 7"/:

(MTA) (21) (42)
CO FTX 0 20 18 12*
Mission 9 1 8 0

TK Gunnery (MTA) 35 - - 25

Non-SM 8 10 7 10
Other 89** 1O1** 112** 116"*

259 279 259 274

Table 1. Time Utilization in Days (QL-3)

*These figures may not reflect the total number of days of field training

conducted. Twenty-five days of field support (included in "other") to OTEA
may have afforded the unit the opportunity to conduct additional field
training.

**Figure includes time devoted to physical training and athletics and rec-

reation (A&R). Subsequent to the completion of the best battalion costing
program, however, ARTS established a specific training category to accommo-

date A&R and physical training activities.
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"I A EUROPE CONUS

TK Bn Mech Bn Mech Bn TK Bn

Maintenance 21% 18% 21% 31%

SM Training* 7 6 6 4

SQT Training* 3 5 5 2

ARTEP Garrison** 4 0 3 0
BN FTX** 10 24 10 ***3

(MTA) (8) (24) -

CO FTX** 0 7 7 ***4

Mission 3 0 3 0

Tank Gunnery (MTA)* 14 - - 9

NonSM 3 4 3 4

Other 35 36 43 42

Table 2. Distribution of Time by Percent (QL-3)

Individual SM Training

** Collective Training

***This figure may not reflect the actual percent of time spent on collective

training. Twenty-five days of field support to OTEA may have afforded the
unit the opportunity to conduct additional collective training.
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% OFF/ % QUARTERLY % NOT PRESENT % OF AUTH
QUARTER NCO FILL TURBULENCE FOR TRAINING STRENTGH

CONUS Armor Battalion

X Time Y Time Z Time

Apr-Jun 77 95 16 29 50 84 127

July-Sep 77 93 26 29 50 84 121

Oct-Dec 77 88 26 29 50 84 112
Jan-Mar 78 84 20 29 50 84 101

CONUS Mechanized Battalion

Apr-Jun 77 91 25 31 43 58 104

July-Sep 77 90 41 31 43 58 99
Oct-Dec 77 87 25 31 43 58 96
Jan-Mar 78 76 23 31 43 58 97

USAREUR Armor Battalion

Apr-Jun 77 84 20 15* 99
July-Sep 77 84 16 15 99
Oct-Dec 77 84 18 15 97
Jan-Mar 78 84 16 15 98

USAREUR Mechanized Battalion

Apr-Jun 77 76 24 30 89
July-Sep 77 76 28 30 87

Oct-Dec 77 76 22 30 89

Jan-Mar 78 76 14 30 94

Table 3. Personnel Conditions (QL-3)

Y

*USAREUR percent for red + yellow times undetermined.
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IN 0

BN LEVEL CLASS III & IX COSTS

$000

TANK BN - EUROPE 384
MECH BN - EUROPE 343
MECH BN - CONUS 218
TANK BN - CONUS 380

Table 4. Battalion Level Class III and IX Costs (QL-3)
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,d ANNEX C

SENSITIVITY FACTORS

- Full Combat Ready (95%) - Combat Ready (85Z) - Marginally

Combat Ready

- Not Present for Training

- Change in Duty Position

- Grade Substitution

- Training vs Retrain Time

- Retrain Time Interval

- CAT IVyv. CAT III

- Inconsistent Trainee Capability

- Decrementing Priorities - Individual vs Collective

- Integration

- Maintenance Training vs Maintenance

- Night vs Day Training
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"-. DEPARTMENT OF THE ARMY
HEADQUARTFRS US ARMY ARMOR CENTER AND FORT KNOX

FORT KNOX, KENTUCKY 40)21

ATSB-ARTS 2 2 fAY 197a

SUBJECT: Review of ARTSG Battalion Training Model Survey

Brigadier General Frederic J. Brown
Director, Army Training Study Group
Fort Belvoir, VA 22060

1. Reference CONUS and USAREUR battalion training model surveys for
the mechanized infantry/tank task force prepared for the Army Training
Study Group.

.2. The US Army Armor Center has reviewed the referenced documents (surveys)
and concurs with them as written. It is our understanding that this survey
has already been administered to units in both CONUS and USARUER.

3. The product established from the results of this survey. i.e., the
battalion training model is of interest to the armor community, therefore
request the Armor Center be kept informed of its developments.

Major Gene , USASCommand i
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DEPARTMENT OF THE ARMY
UN'ITEO STATES ARMY INFANTRY SCHOOL

FORT SENNING. GEORGIA 31905

IN R8FPY US@EE 10

ATSH-I-V-A-S

Brigadier General Fredrick J. Brown
Director
United States Army Training Study
Fort Belvoir, Virginia 22060

Dear General Brown:

The Battalion Training Survey indicates that a lot of good work has been
done in quantifying the highly complex and elusive area of training
resources and resulting proficiency.

My training developers and evaluators have completed an indepth review
and have unanimously agreed with the concepts and categorizations of

topics as presented in the questionnaire. The necessity of a lengthy
and complex questionnaire is acknowledged due to the severe time
constraints your group is working under. For future use in validating
and completing input to the battalion training model, it is suggested
that the questionnaire be simplified by correlating tactical training
questions to the levels at which they are trained and tested in the
ARTEPS. The magnitude of the questionnaire may be reduced by segmenting
the questionnaire into parts to be administered separately, and by
simplifying the scoring procedures for respondents.

We have a vested interest in the survey results and welcome the forth-
coming results. The offer of having the advance course students
available for the purpose of administering a survey, as stated to
Colonel Burba during his recent visit, is still open. The Infantry
School continues to make every effort to support this very important
effort.

Sincere

WILL MY

Major General, USA
Commandant
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ANNEX E

Battle/Training Drill Formulations

1. Outlined on the following pages are the details on how the Shoot,
Move, Communicate, Fire and Maneuver, Reconnaissance and Security, Battle
Positions, Sustain, Support, NBC and MOUT battle/training drills are
formulated.

2. Section I and Section II of each formulation display the individual
and collective tasks that were aggregated to form the battle/training
drill. Section III displays the times and frequencies of each individual
and collective task and the aggregated time and frequency for the battle/
training drill under analytical baseline conditions (85 percent officer/
NCO fill, 35 percent quarterly turbulence and 25 percent daily not present
for training) prior to integration and after integration. Note that in
many cases a single time and frequency entry is made for an aggregation of
two or more individual tasks. Further, note that high decay tasks that
require additional training in addition to that gained during the battle
drills are earmarked for the additional frequencies of repetition
required. Normally, this applies only to the individual tasks but, in
some cases such as leader training in the Support Battle Drill, it applies
to other tasks as well.

3. Section III further displays the aggregated time and frequency for the
battle/training drill under the 95 percent baseline conditions (85 percent

officer/NCO fill, 20 percent quarterly turbulence, and 20 percent daily
present for training) after integration factors have been applied. The
times and frequencies of the battle/training drills for the program will

fit into the normal Army duty year (253 days) with 56 percent of the time
(141 days) for training, 23 percent of the time (58 days) for maintenance,
and 21 percent of the time (54 days) for non-training activities.

4. Section IV of each formulation outlines the tactical dispositions,
conditions, and purposes which make up the tactical problems for each
drill. This part provides the grist for an elaboration on how to train to
ARTEP tasks, conditions, and standards thru the mediu of battle/training
drills in TC 21-5-7 and a detailed discussion on how they are formulated
in the Commander's manual (i.e., FM 7-11 B/C/CM).
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Battle/Training Drill -Move

SECTION I

.Primary Collective Task Level Time rqe~

Tactical Movements Squad 5.6 7
Platoon 6.7 7
Company 7.2 6

.Primary Collective Task Component

Combat loading
Organization
Conduct of movement
Techniques of movement

Travelling
Travelling overwatch
Bounding overwatch
Terrain driving - kill zones, suppression zones
Recovery
Water movement
Di smoun ted
Limited visibility
Action when disabled

Reinforcing Collective Tasks Frequency Credit -Annex F
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Battle/Training Drill - Move

SECTION II

.Individual Skills - Mech Time Frequency

*Start and Stop MiI3Al 2.8 11

*Operate Ml13Al
*Prepare M113 for Towing

Self Recovery 3.1 4

Ford Water Obstacle
. Extinguish Fire

Operate 1/4 Ton 2.2 8
Self Recover 1/4 Ton 2.5 3
Ford Water Obstacle

TOTAL 10.6 8

.Individual Skills - Armor Time Frequency

**Start and Stop Tank Engine 5.5 18
**Operate a Tank
**Recover a Tank
**Prepare Tank for Towing
**Mounted and Dismounted Movement

Extinguish Fire in Tank 1.1 4
6.6 7

*High Decay Individual - Mech

**High Decay Individual - Armor

5..
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Battle/Training Drill - Move

SECTION III

Initial Battle/Training Drill Mech Armor

Time Freg Time Freg

Ind/Sqd/Plt Drill 22 7 19.3 7

Company Drill 7 6 7.0 6

*Additional High Decay 3* 4* 5.5** 11

Ind.

Final Battle/Training Drill Mech Armor

(Analytical Base) Time Freq Time Freq

Ind/Sqd/Plt Drill 22 4 To be determined

Company Drill 7 1 after 8 August 78

Additional High Decay Ind. 3 4

FinalBattle/Training Drill

(95 percent Baseline)
Time Freg

Ind/Sqd/Plt Drill 22 3

Company Drill 7 1

High Decay Ind. 3 4

l *High Decay Individual - Mech

**High Decay Individual - Armor

i
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V Battle/Training Drill - Move

SECTION IV

.Purposes

Administrative Movement
Movement to Contact
Breaking Contact
Primary to Alternate/Supplementary Positions
Counter Attack
Withdrawal
Passage Lines

.Dispositions: Drills embrace moving in one of the following formations

and reacting to situation described by the tactical conditions and

purposes described below.

Travelling
Tank leading
Infantry leading

Travelling overwatch
Tank leading
Infantry leading

Overwatch
Tanks support by fire
Infantry support by fire

.Tactical Conditions

ACTION PLUS TERRAIN PLUS OBSTACLES PLUS ENEMY

Right Cleared Areas Defile Air Attack

Left Woods Water Ambush

Front Roads Mines Tank

Rear Cross Country Wire ATGM
Ridge Lines Built up Area

Other Obstacles
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Battle/Training Drill Shoot (Mech)

SECTION I

Primary Collective and Individual Tasks

Ind Sqd Pit Co
Time Freq Time Freq Time Freq Time Freg

Employ Small Arms 29.7 5 5.7 7 5.5 5 5.3 4

Employ Anti-Tank Wpn 8.3 12 5.9 9 6.9 7

Employ Mortars 8.9 16 4.9 7 5.5 6

•Primary Collective Tasks Components

Crew/Unit Drill
Fire Control
Fire Distribution
Massing of Fires
Firing Techniques Under Enemy Pressure

Suppressive Fire
Reconnaissance by Fire
Firing Positions- Temporary, Primary, Alternate, Supplemental
Displacement
Ammunition Resupply

.Reinforcing Collective Tasks Frequency Credit - Annex F
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Battle/Training Drill - Shoot (Mech)

SECTION II

.Individuals Skills - Small Arms Time Frequency

Cal 50 (Night) 2.9 4
Cal 50 (Day) 2.8 5
45 Cal 2.3 3
K60 3.1 5
Hand Grenades 2.1 3
Grenade Launcher 2.5 4
LAW 2.6 5
M16 4.1 5
M16 (Night) 2.8 4
Claymore 1.9 3
9010 2.6 6

TOTAL 29.7 5

.Individual Skills - Antitank Time Frequency

Maintain TOW Weapons
Load, Unload, Clear TOW 3.6 12
Self Test TOW
Engage Targets 4.7 7

TOTAL 8.3 12

•Individual Skills - Mortars Time Frequency

Place Mortar into Action 8.9 16
Boresight
Perform Safety Checks

Lay for Deflection and Elevation
Prepare Ammunition for Firing
Remove a Misfire
Refer Sight and Realign Aiming POSTS
Reciprocally Lay Mortar
Traversing and Searching Fires
Ground Mounted Firing

p.
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Battle/Training Drill - Shoot (Mech)

SECTION III

.Initial Battle/Training Drill Time Frequency

Company (-) Ind/Sqd/Plt 40.9 6

Company C-) Company Drill 5.0 4

Antitank Ind/Sqd Sect 21.0 8

Antitank High Decay 8.0 4

Mortar Ind/Sqd Sect 19.0 8

Mortar Ind High Decay 9.0 8

.Final Battle/Training Drill

(Analytical Base) Time Frequency

Company (-) Ind/Sqd/Plt 40.9 4

Company (-) Company Drill 5.0 4

Antitank Ind/Sqd Sect 21.0 5

Antitank High Decay 8.0 4

Mortar Ind/Sqd Sect 19.0 5

Mortar Ind High Decay 9.0 8

.Final Battle/Training Drill

(95 percent Baseline) Time Frequency

Company C-) Ind/Sqd/Plt 40.9 3

Company (-) Company Drill 5.0 3

Antitank Ind/Sqd Sect 21.0 5

Antitank High Decay 8.0 4

Mortar Ind/Sqd Sect 19.0 5

Mortar Ind High Decay 9.0 8

r-.
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Battle/Training Drill - Shoot (Armor)

SECTION I

.Primary Collective and Individual Tasks

IND SQD* PLT* CO*
Time Freq Time Freq Time Freq Time Freq

Employ Tanks 27 7 15.6 8 16.4 6 16.6 5

.Reinforcing Collective Tasks Frequency Credit - Annex F

SECTION II

** Boresight TIME FREQUENCY

Perform Prepare Fire Checks

Load Main Gun 4.3 9

Perform Misfire Procedures
Perform After Fire Checks
Unpack Ammunition
Store Ammunition
Maintain Ammunition

** Conduct of Fire
Use Battlesight
Apply Burst on Target 5.6 12

Use Precision Fire
Adjust Fire From Subsequent Cmd

** Load and Clear Coaxial MG
Apply Immediate Action 2.4 19
Boresight MG

Firing MG 2.8 5

Firing M3Al Sub-Machine Gun 2.3 3

Firing Cal 45 Pistol 2.3 3

Night Firing 7.0 5

26.7 7

*Summation of Employ Small Arms and Antitank + 25 percent Night Training

Time
**High Decay Individual - Armor

E-9
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Battle/Training Drill - Shoot (Armor)

SECTION III

.Initial Battle/Training Drill TIME FREQUENCY
Ind/Crew/Plt 59 7
Company Drill 17 5

** Ind High Decay 12 12
*** Mortar Ind/Sqd Sect 19 8
* Mortar Ind, High Decay 9 8

.Final Battle/Training Drill TIME FREQUENCY
Ind/Crew/Plt Drill
Company Drill
Ind High Decay To be determined after 8 August 78
Mortar Ind, Sqd Sect

6

**High Decay Individual - Armor
***Same as Mech Infantry

.1"
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="9i Battle/Training Drill - Shoot (Mech and Armor)'

SECTION IV

* Training Drill - Individual/Crew

Preliminary Qualification Instruction
Qualification Dry Fire
Qualification Live Fire
Collective Employment - Preliminary Instruction and Dry Fire
Crew Drill

* Battle Drill- Initial Dispositions

Travel ling

Tank Leading
Infantry Leading

Travelling Overwatch
Tank Leading
Infantry Leading

Travelling Overwatch
Tanks Support by Fire
Infantry Support by Fire

. Battle Drill - Final Dispositions*

Tanks Close, Mounted Infantry in Trail
Tanks Close, Dismounted Infantry in Trail
Tanks Close, Infantry Supports by Fire
Infantry Closes Mounted, Assaults Mounted-Tahks Support by Fire
Infantry Closes Dismounted, Assaults Dismounted, Tanks Support by

* Fire

. Battle Drill - Tactical Conditions

ACTION PLUS TERRAIN PLUS OBSTACLES PLUS ENEMY

Right Clear Areas Defile Armored
Le ft Woods Water Vehicles
Front Built-Up Areas Wire, Mines Fortified

No Obstacles Position

* Battle Drill Tactical Purpose

Tactical Movement
Fire and Maneuver
Fighting Position
Retrograde Actions
Perimeter Actions

*When adddressing defensive oriented tactical purposes substitute "Tank or
Infantry withdrawing" for "Tank or Infantry closing."

Q E-11



*0000 Battle/Trainina Drill - Fire & Maneuver

SECTION I

Primary Collective Tasks Level Time Frequency

Employ Fire and Maneuver Squad 7.4 8
Platoon 7.8 8

Company 8.0 8

Employ Fighting Vehicles Squad 5.9 8
Platoon 7.4 8

Company 8.5 6

Breach Minefields & Obstacles Squad 3.7 4

Platoon 3.9 4
Company 4.2 4

. Primary Collective Tasks Components

Organization: weapons, individuals, fire team
Functions: weapons, individuals, fire team

Communicat ions

Immediate action control measures

Overwatch Actions
Observation
Call indirect fires
Provide point and area fires
Rate of fire
Communications with maneuver element

Cover flank, rear and front
Cover and &oncealment position

Maneuver Actions
Movement dispositions/formation-tank/infantry
Target acquisition and identification

Fire coordination

Movement routes
Movement techniques

Breaching Actions

Suppress enemy
Conceal breaching area (smoke)

Secure far side obstacle
Reduce obstacle

Reinforcing Collective Tasks Frequency Credit Annex F

E-12
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1009. Battle/Training Drill - Fire & Maneuver
# ',, *',

SECTION II

Individual Skills Time Frequency

Move Mbr Fire Team
Move Under Direct Fire

React to Direct Fire 3.9 8
React to Flares
Move Over/Through Obstacles

Select Temporary Vehicle Position 2.2 7
Conceal Mvt by Route Selection 3.3 7
Tank External Phone 1.0 4
Engage Targets (R)* 3.0* 3*
Detect Enemy Mines
Locate Mines with Detector 2.3 5
Remove Mines with Rope/Grapple

TOTAL 15.7 8

SECTION III

. Initial Battle/Training Drill Time Frequency

Ind/Squad/Platoon Drill 49** 8***
Company Drill 21 6

No igh Decay Individual 0 0

/" . Final Battle/Training Drill
(Analytical Base) Time Frequency

Ind/Squad/Platoon Drill 49 6
Company Drill 21 5

No High Decay Individual 0 0

* Final attle/Training Drill

(95 percent Baseline) Time Frequency

Ind/Squad/Platoon Drill 49 4
Company Drill 21 3

*Taught in Shoot Battle Drill
**Summation of times of individual/collective tasks at squad and platoon

level.
***Devised by extrapolation of 95 percent confidence limits for frequencies.

Si E-13
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Battle/Training Drill - Fire & Maneuver

....... SECTION IV

" Phasing . Initial Dispositions

Locate enemy Travelling
Return fire Tank leading
Conceal Infantry leading
Report Travelling overwatch
Develop situation Tank leading
De ploy Infantry leading
Isolate Bounding Overwatch
Fire Tanks support by fire
Maneuver Infantry support by fire
Violent execution

" Final Dispositions

Tanks close, mounted infantry in trail
Tanks close, dismounted infantry in trail
Tanks close, infantry support by fire
Infantry closes mounted, assaults mounted-tanks support by fire
Infantry closes mounted, assaults dismounted, tanks suport

Pby fire
Infantry closes dismounted, assaults dismounted, tanks support by fire

" Tact'-al Conditions

ACTION PLUS TERRAIN PLUS OBSTACLES PLUS ENEMY

RIGHT CLEARED AREAS DEFILE ARMORED
LEFT WATER VEHICLES
FRONT WOODS WIRE, MINES FORTIFIED

BUILT-UP AREAS NO OBSTACLES POSITION
FORWARD SLOPE
REVERSE SLOPE

l PURPOSES

Fighting Thru
Bypassing
Breaking Contact
Primary to Alternate Positions

'E1
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Battle/Training Drill - Recon & Security

SECTION I

Primary Collective Tasks Level Time Frequency

Perform Reconnaissance Squad 5.0 6
Platoon 5.7 6
Company 5.3 5

Perform Security Squad 3.4 5
Platoon 4.5 4

Company 5. 1 4

Cover & Concealment Squad 4.8 8
Platoon 5.8 6
Company 6.0 5

Primary Collective Tasks Components
Physical Security
Signal Security
Information Security
Tactical Security

Cover
Concealment
Light and Noise Discipline
FEBA/TOC/Trains Location
Deception Operations

Reconnaissance

Orient on Location or Movement of the Reconnaissance Objective
Report Information
Retain Freedom of Maneuver
Gain and Maintain Enemy Contact
Develop Situation

Security

Orient on Main Body
Continuous Reconnaissance
Provide Early Warning
Provide Reation Time and Maneuver Space
Maintain Enemy Contact

Reinforcing Collective Tasks Frequency Credit - Annex F

E-15
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Battle/Training Drill -Recon & Security

SECTION II

Individual Skills Time Frequency

Collect/Report Information
Prepare a Spot Report
Process Captured Documents 2.5 6
Process Enemy Personnel
Use Challenge & Password

Conduct Day & Night Surveillance 2.9 6

Conduct Surveillance Using AN/PVS-2 2.3 7

Operate an OP 2.5 5

Resist Enemy Interrogation 1.9 3
Safeguard Classified Information

Identify Terrain Features
Determine Grid Coord
Determine Elevation 4.4 6
Measure Ground Distance
Convert Magnetic Azimuth
Determine Grid Azimuth
Estimate Range

Orient Map using Compass
Orient Map through Terrain Assoc
Determine Location on Ground 5.7 7
Navigate from one Position to Another
Determine Distance between Two Points
Determine Azimuth between Two Points
*Camouflage and Conceal Self and Ind Equipment
*Camouflage and Conceal Equipment 7.1 9
*Camouflage and Conceal Defensive Positions

TOTAL 29.3 7

*High Decay Individual Tasks.

E-16
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:@00 Battle/Training Drill - Recon & Security

SECTION III

* Initial Battle/Training Drill Time Frequency

Ind/Squad/Platoon Drill 58.5 7

Company Drill 16.0 5

High Decay Individual 2.0 2

* Final Battle/Training Drill Time Frequency

(Analytical Base)

Ind/Squad/Platoon Drill 58.5 3

Company Drill 16.0 5

High Decay Individual 2.0 2

Final Battle/Training Drill Time Frequency

(95 percent Baseline)

Ind/Squad/Platoon Drill 58.5 2

Company Drill 16.0 3

High Decay Individual 2.0 2

E1
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Battle/Training Drill - Recon & Security

SECTION IV

Dispositions
Travelling
Travelling Overwatch
Bounding Overwatch

NI Mounted

Dismounted

. Tactical Conditions

Terrain Obstacles Objective

'Cleared Area Defile Reconnoiter Town

* Woods Water Check Bend in Road

Built-up Area Mines Check Bridge

Ridge Lines Night Check River

Smoke

Tactical Purposes
Route Reconnaissance
Zone Reconnaissance
Area Reconnaissance
Screening mission
Guard mission
Covering mission

I
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.0 0C Battle/Training Drill - Communications
A

.. SECTION I

* Primary Collective Task - Level Time Frequency

Employ Communications Squad 3.7 5

Platoon 4.6 6
Company 5.5 6

* Primary Collective Tasks Components

Communications Techniques - Collective
Radio
Wire
Expedients - Arm and Hand Signals; Flags, Lights, Panels,

Mirrors, Whistles, Pyrotechnics

COMSEC

Communications During Radio Transmitter Restrictions
Expedient Authentication
Messenger Service
Exedient Wire Usage

Anti-Jamming

Recognition
Continuous Operations - Expedient Squelch Usage
Reporting
Trim Power
Antenna Masking
Mobile Antenna

Combined Arms Communications

Combat to Combat Support
Combat to Combat Service Support
Combat to Naval/Air Force

* Reinforcing Collective Tasks Frequency Credit - Annex F
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Battle/Training Drill - Communications
A
........ SECTION II

" Individual Skills Time Frequency

*Establish and Enter or Leave 2.0 8

Net

Apply Anti-Jamming Procedures
Use Correct RTO Procedures

Set up and Use FM Radio
*Install Radio Remote Control 2.6 8

Set up and Use Field Telephone
TA-IPT
Use CEOI

*Authenticate Transmisisons
and Encrypt and Decrypt 2.2 7

Encode and Decode Messages

6.8 8

Section III

" Initial Battle/Training Drill Time Frequency

Ind/Sqd/Platoon Drill 15.0 3

Company Drill 6,0 4

*Individual High Decay 6.8 2

" Final Battle/Training Drill Time Frequency

(Analytical Base)

Ind/Squad/Platoon Drill 15.0 3

p. Company Drill 6.0 4

*Individual High Decay 6.8 2

. Final Battle/Training Drill

(95 percent Baseline) Time Frequency

Ind/Sqd/Platoon Drill 15.0 2

Company Drill 6.0 3

*Individual High Decay 6.8 2

WO *Individual High Decay Tasks

E-20
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Battle/Training Drill - Comunications

SECTION IV

Dispositions: Drills embrace comunicating in reaction to tactical condition
and purposes while involved in one of the following dispositions:

Travelling
Tanks leading
Inf leading

Travelling Overmatch
Tanks leading
Inf leading

Bounding Overmatch
Tanks Support by Fire
Inf Support by Pire

Tanks Close, Mounted or Dismounted Infantry in Trail
Tanks Close, Infantry Supporting by Fire
Infant-y Closes Mounted, Assualts Mounted or Dismounted, Tanks

Support by Fire
Infantry Closes Dismounted, Assaults Dismounted, Tanks Suport by Fire

• Tactical Conditions
Tank - Infantry Mounted
Tank - Infantry Dismounted
Listening Silence
Deception
Night
TACAIR
Combat Support & Service Support
Rapid Movment
Static

Tactical Purposes
Fighting Through
Bypassing

Breaking Contact
Primary to Alternate Positions
Passage of Lines
Link Up
Relief in Place
Blocking

N Holding
Withdrawing Route/Zone/Area Reconnaissance
Screening/Covering/Guard Mission

pE-.
E-2 I
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Battle/Training Drill - Battle Positions

,, ..... SECTION I

Primary Collective Tasks Level Time Frequency

Organize/Prepare Battle Positions Squad 7.3 6
4' Platoon 8.0 6

o Company 9.5 5

Hostile TAG Air Operations Squad 2.9 5
Platoon 3.1 5

Company 4.1 4

Primary Collective Tasks Components

Organization of Positions
Mutual Support
Security
Capitalize on Fires
Minimize Exposure (use terrain)

Defense in Depth/on Flanks
Control

Techniques
Avenues of Approach
Obstacles
Key Terrain
Observation
Fields of Fire

Sectors of Fire
Dead Space
Use of Obstacles

Execution

Control Fires
Employ Infantry - Mounted/Dismounted
Employ Tanks
Mass Fires

Employ Reserve

Reinforcing Collective Tasks Frequency Credit - Annex F

E-22
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lgo! Obattle/Training Drill - Battle Positions

SECTION II

Individual Skills Time Frequency

Select Temporary Position
Construct Individual Position
Clear Fields of Fire

*Construct Crew Served Psn. 5.1 9
Prepare/Use Aiming and Firing

Stakes
Construct Range Cards-Crew

Weapons
Camouflage Equipment and Position

CInstall and recover Claymore 1.9 8
Emplace and Recover AP and AT Mines 2.6 4
Identify Minefield Markers
Assemble Non-electrical System Det.
Engage Hostile Aircraft 1.7 5
Identify Combat Aircraft 2.0 6
Emplace Demolition Change 2.5 3

15.8 6

*Individual High Decay

%,-
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Battle/Training Drill - Battle Positions

...... . Section III

* Initial Battle/Training Drill Time Frequency

Individual/Sqd/Plat Drill 37.1 6
Company Drill 14.0 5
Individual Instruction 5.0 3

. Final Battle/Training Drill Time Frequency
(Analytical Base)

Individual/Sqd/Plat Drill 37.1 4
Company Drill 14.0 5
Individual High Decay 5.0 3

. Final Battle/Training Drill
(95 percent Baseline)

Ind/Sqd/Plat Drill 37.1 3
Company Drill 14.0 3
Individual High Decay 5.0 3

E2
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a0 aBattle/Training Drill - Battle Positions

Section IV

Phasing

Understand Enemy
See Battlefield
Capitalize on Advantages
Fight Combined Arms Battles
Be Prepared to Move Rapidly

Dispositions: Driving

Active Defense Against Breakthrough Effort
Active Defense in Main Battle Area
Economy of Force Defense (One team in MBA)
Economy of Force Defense (Three teams in MBA)
Retention of Terrain
Ambush Operations
Roadblock operations
Occupation of Ground Other Than That to be Defended
Antitank operations

Tactical Conditions

TERRAIN OBSTACLES ENEMY

Cleared Areas Defile Armored
Woods Water Mechanized
Built-up Areas Wire, Mines Hostile TAC Air
Forward Slope Smoke Superior Force
Reverse Slope Night Inferior Force

Tactical Purposes

Hasty Defense (Active) Delay
Deliberate Defense (Active) Withdrawal
Strong Point Temporary positions during

measured attack and reconnaissance
operations

E-25
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:YOO. Battle/Training Drill - Sustain

Section I

Primary Collective Tasks Level Time Frequency

-Employ Cbt Service Spt Squad 3.7 5

Platoon 4.7 5

Company 7.9 6

-Reorganize and Consolidate Squad 3.1 6

Platoon 4.1 5

Company 4.5 5

Primary Collective Tasks ComponenLs

Trains - Organization for Combat

Supply Operations

Rations
POL
Ammunition
Repair Parts
Medical Supplies

Major End Items and Organization Equipment

Expendables
Medical Supplies

Maintenance, Recovery and Repair

Personnel Support and Administration

Medical Aid

Strength Report
Personnel Management

Personnel Services

Reinforcing collective tasks frequency credit Annex F
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Battle/Training Drill - Sustain

Section II

Individual Tasks Time Frequency

**Drive Maintenance 3.6 25**
*Weapons Maintenance 14.0 9

Equipnent Maintenance 4.0 8
Evacuate Wounded Man (Track) 1.3 4

Apply 4 Life Saving Techniques
Apply Burn Measures
First Aid for Electrical Shock
First Aid for Chemical
First Aid for Carbon Monoxide 3.0 6
Personal Hygiene
Reduce Climatic Injuries
Adminster Artificial Respiration

25.9 7

*Most Excessive (M16, M60, Cal .50, 90mm, .45, M203)
**-idividual High Decay

E-27
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0 Battle/Training Drill - Sustain

AL v,

Section III

. Initial Battle/Training Drill Time Frequency

Company Drill 12 6

% Ind/Sqd/Plat Drill 41.5 7

Individual High Decay Drill 4 18

Final Battle/Training Drill Time Frequency

(Analytical Base)

Ind/Sqd/Plat Drill 41.5 4

Company Drill 12.0 6

Individual High Decay Drill 4.0 18

Final Battle/Training Drill Time Frequency

(95 Percent Baselilne)

Ind/Sqd/Plat Drill 41.5 3

Company Drill 12.0 3

Individual High Decay Drill 4.0 18

E-28
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0 G'TBattle/Training Drill - Sustain

Section IV

Dispositions

Training Drills: During Y and Z time (in garrison), maintenance
-.,.U training for weapons, vehicles, equipment, and personnel (first aid/

field hygiene) is conducted in a structured manner with all leaders
present.

Battle Drills: During X and Y time the above training is integrated
into a realistic combat environment by using the disposition outlined
for the Fire and Maneuver, Battle Positions and Recon, and Security
Battle Drills.

J.

Tactical Conditions

*- Static
J. During Movement

During Rapid Movement
As Part of Field Trains
As Part of Combat Trains
Recover/supply/feeding/refueling under fire
Field Expedient Recovery
Night
During Reorganization and Consolidation
Mass Casualties
Medical Evacuation
Evacuating and Burying the Dead

Tactical Purposes

Fighting Through River Crossing
Bypassing Blocking
Breaking Contact Holding
Primary to Alternate Positions Withdrawing
Passage of Lines Route/Zone/Area Reconnaissance
Link Up Screening/Covering/Guard
Relief in Place Missions

E-29
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Battle/Training Drill - Support

Section I

Primary Collective Tasks Level Time Frequency

~Employ CS Assets
Squad 3.5 5

Platoon 4.4 5
Company 6.4 5
Battalion 8.1 5

22.4 5

Leader/Commander Tasks Squad 7.4 9
Platoon 8.8 9

Company 8.9 8
Battalion 8.6 7

33.7 8

. Primary Collective Tasks Components
Leader/Commander Tasks
TACR - Commander/Leader/Staff capability to integrate weapons
systems and combat systems (target acquisition, fire, maneuver,
communications, logistics, command and control, etc.)
Troop Leading Procedures
How to Train

Employ Combat Support Assets - Artillery, Engineer, Signal, Main-
tenance, Air Force Liaison Officers, Participation in Leader/
Commander Tasks Above.

Reinforcing Collective Tasks - See Annex F

Section II

Individual Tasks - None (Off duty professional development tasks only -

Does not impact on Troop Training Time)

E-30
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% V

0 Battle/Training Drill - Support

... Section III

Initial and Final Training Drills

Level Time* Frequency*

Initia, Drills Leader/CS 56. 1 5
Leader Only 33.7 3

Final Drills Leader/CS 56.0 5
(Analytical Base) Leader Only 34.0 2

Final Drills
(95 Percent Baseline) Leader/CS 56.0 3

Leader Only 34.0 1

Section IV

' , isposition/Tactical Conditions and Purposes:

This training drill represents Tactical Exercises Without Troops (TEWTs)
in the form of terrain model/map exercises, terrain walks and jeep
exercises whereby commanders, leaders, and staff officers train themselves
4n t-1-ir own tactical skills and learn how to train their troops for the
,t'er training/battle drills. This drill is not included in troop-train-
i-.g time; it is included in the leader availability cell of the Battalion
Taf.ilng Model. Disposition, tactical conditions, and purposes embrace

-4;. a. those included in the other battle/training drills.

t included In Troop tra.inng time. Accounted for in Leader/Tri!'.inv

.E-31
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Battle/Training Drill - NBC
-. 0 0

'* ..... Section I

. Primary Collective Tasks Level Time Frequency

Employ NBC Techniques Squad 4.0 7
Platoon 4.1 6
Company 4.5 6

. Primary Collective Task Components

Protection Against Fallout
Monitoring Radiation Levels
Radiological Survey

.5 Protection Against Chemical and Biological Attack
Detection
Decontamination

4Damage Control

. Reinforcing Collective Tasks Frequency Credit Annex F

Section II

. Individual Tasks Time Frequency

Maintain Protective Mask
Put on Protective Mask
Take Cover from NBC Hazard 3.5 8
Decontaminate Self and Equipment
Administer Antidote
Measure Radiation

Prepare Track/Vehicle for NBC 2.3 6
Maintain Gas Particulate Unit

E
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. 0Battle/Training Drill - NBC

Section III

.Initial Battle/Training Drill Time Frequency

NBC Individual and Collective 19.0 6

.' NBC Individual High Decay 3.5 2

.Final Battle/Training Drill Time Frequency

(Analytical Base)

NBC Individual and Collective 19.0 5

NBC Individual High Decay 3.5 2

,Final Battle/Training Drill
(95 Percent Baseline)

NBC Individual and Collective 19.0 3

NBC Individual High Decay 3.5 2

Section IV

Di sposi tions Tactical Conditions

Firing Night

Moving Inclement Weather

Fire and Maneuver Inverse Conditions

Communicating Wind

Eating
Maintaining

Tactical Purposes

Fighting Through
Bypassing
Breaking Contact
Primary to Alternate Positions

Passage of Lines
Link Up
Relief in Place

River Crossing
Blocking
Holding
Reconnaissance Mission

Guard Mission

E-33
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"- .,.Battle/Training Drill - MOUT

',......Section I

.Primary Collective Task

Employ Special MOUT Techniques Level Time Frequency

Squad 4.9 5
Platoon 5.3 5
Company 5.5 4

.Primary Collective Tasks Components

- Fire and Maneuver
Movement

Communications
Combat Support
Fire Distribution

Reconnaissance and Security
Combat Service Support
Block and Hold
Clearing Buildings

,.-..Techniques of Entering Buildings
APCs and Tanks in Built-Up Areas

-.Reinforcing Collective Tasks Frequency Credit -Annex F

Section II

*Individual Tasks - Included in Primary Collective Task per TC 7-1.

Section III

.Initial Battle Drill Package Time Frequency

16 5

.Final Battle Drill (Analytical Base) 16 3

.Final Battle/Training Drill Time Frequency
(95 Percent Baseline)

j$ 16 2
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Battle/Training Drill - MOUT

Section IV

*Tactical Conditions 
.Tactical Purposes

Small Villages 
Fighting Through

Strip Areas 
Bypassing

Towns and Small Cities 
Breaking Contact

Large Cities 
Blocking
Holding

. Dispositions - Same as Fire and Maneuver, Battle Positions, and Recon-

naissance and Security

-3
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kNNEX J

"77 BATTLE DRILL RESULTS

Personnel Conditions

SET I SET 11

Turbulence %/Qtr ....... . 35 .. ......... 20

Not Present for Tng %/Day 25 .. ......... 20

Fill-Officer/NCO ...... . 85 .. ......... 85

Time Durations and Frequencies

SET I SFT IT

ARTEP/BATTLE DRILLS Time (Hr) Frequency Time (Hr) Frequency

*.-. Muve (Company) 7 1/Yr 7 i/Yr

Move (Pit & Sqd) 22 4/Yr 22 4/Yr

Shoot (Company) 5 4/Yr 5 3/Yr

Shoot (Plt & Sqd) 41 4/Yr 41 3/Yr

Fire/Maneuver (Co) 21 4/Yr 21 3/Yr

Fire/Maneuver (Pit & Sqd) 49 6/Yr 49 4/Yr

Re.on/Security (Co) 16 5/Yr 16 3/Yr

-econ/Security (Pit & Sqd) 59 3/Yr 59 2/Yr

C,.mo (Company) 6 4/Yr 6 3/Yr

-"C *mo (Pit & Sqd) 15 3/Yr 15 2/Yr

Battle Position (Co) 14 4/Yr 14 3/Yr

Battle Position (Pit & Sqd) 37 4/Yr 37 3/Yr

S.-tain (Company) 12 6/Yr 12 3/Yr
custain (Pit & Sqd) 42 4/Yr 42 3/Yr

Support (Company) 56 5/Yr 56 3/Yr

NBC 19 5/Yr 19 3/Yr

Y0UT 16 3/Yr 16 2 IYr

.9 -9



ANNEX K

'' ARTEP EXPANSION

APPENDIX II TO CLAPTER 8 OF ARTEP 71-2

TRAINING AND EVALUATION OUTLINE

UNIT: COMPANY TEAM

MISSION: HASTY ATTACK

I. GENERAL CONDITIONS

The team has made contact with the opposing force and the initial situ-

ation has developed that indicates the opposing force can be defeated by the
team conducting a hasty attack. The opposing force equipment includes BMP

.. personnel carriers, T62 tanks, track-mounted and suitcase Saggers, RPG7's,

* and BRDM scout vehicles. Air parity exists.

The company team may be continuing a tactical mission (e.g., movement to

contact or deliberate attack). The company team commander will be given

orders and will issue frag orders to team elements.

.-x
2. PRIMARY TRAINING/EVALUATION STANDARDS

To receive a satisfactory rating, the company team must conduct the

hasty attack using fire and maneuver while not suffering excessive casual-

ties and equipment loss. (Evaluator judgment.)

3. TR-AINING/EVALUATION RESULTS

Check SAT or IUrNSAT on the following pages of this T&EO to indicate the

unit's proficiency on each task for this mission. Trainers/evaluators will

record, on an attached sheet of paper, or in the space provided, detailed

observations of training deficiencies which need training emphasis. This

T&EO and attached sheets should be provided to the unit as a basis for fu-

ture training. The overfall proficiency rating for this mission is deter-,i!;eI

from the performance of the unit on each ta-k, the primary training and cial-

uaticns standards, and the eviluator/trainer's subjective judgment as to

whether the unit would have been successful on the modern battlefield hai it

performed as it did in this exercise. Circle one of the following to Indi-

rate the overall combat profiioncv of the unit on this mission:

Overall Pr fictenov: SAT UNSA7

K-1

04r2 w%

., W. W "e

%- 2



4. TRAINING/EVALUATION GUIDE - Hasty Attack

In accomplishing the mission, the company team should have demonstrated

proficiency in the following battle drills in, rp. r-ting Individual and

collective tasks. For discussion of ways to achieve integrated, multieche-

ion training, see TC 21-5-7.

Battle Drill/
Training Drill Collective Task Individual Tasks
Fire and Maneuver Cover & Conceal Select temporary battle-

Fmploy fire and field positions

maneuver/movement Move as a member of a fire
Employ fight- team

ing vehicles React to indirect fire

Breach minefields Move over, through and
& obstacles and around obstacles

Reorganize & con- . ...........

solidate . . . . . . . . . . .

Move Tactical movements ............

Cover & Conceal ...........

Cloot Finplov organic AT ............

weapons . . . . . . . . . . . .

Fmploy fighting . . . . . . . . . . . .

%vehicles . . . . . . . . . . . .

Fmploy organic .......

small arms . . . . . . . . . . .

Support Coordinate employ- . .....
ment of nonorganic ............

combat support . . . . . . . . . . . .
assets . . . . . . . . . . . .

Breach minefields . ........
& obstacles . . . . . . . . . . . .

0'mrunicate Leader/Commander ............
tasks . . . . . . . . . . . .

Fnploy cormnunica- . ...........

tions/CF . . . . . . . . . . . .

K-2
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COMMANDER'S MANUAL
liB and IIC
INFANTRYMAN

CHAPTER I INTRODUCTION --

P7RPOSE
THE AR.M Y TRAINING SYSTEM 1-1
THE SOLDIER'S MAKUAL AND THE SOLDIER 1-3

DISTRIBUTION OF THE SOLDIER'S MANUAL 1-4

THE CO'>MANDER'S MANUAL 1-4

ENLISTED PERSONNEL MANAGEMENT SYSTF M (EPMS) 1-4

EPMS AND THE COM!XANDER 1-5

SKILL QUALIFICATION TEST (SQT) 1-7

SQT SCORING _-

CHAPTER 2 TRAINING' "NDER EPMS _-.

GENERAL 2-1
INITIAL ENTRY TRAINING
BT/AIT AND EPMS _ 7
UNIT TRAINING PROGRAM 2-9

NCOES _-_

TRAINING S-PPORT 4SI1MAR Y 2-15

" CHAPTER 3 THE INFA.NTrYMAN'S TASK5 3-1

HV', T') F TIHF TASK LIST 3-A-1

* FOOTNOTES 3-A-4
TASK LISTINGS 3-B-1

CHArPTER 4 BATTLE/TRiLINl(, DRILL F:RM"I.ATI NS 4-1

TkAININ6 'RILLS, TIME DV'RATI : ..S FRF FYF:;(Y ,, F' T-iA-

BATTLE DRILLS, TI"E l!RA',l NS AND FU )"ENcY 'F F'.EI'ETITIC'N 4B
COLLECTIVE TASKS;, 7I"4E D' ,Tl NS A ,,L .... O; TY RF.PFTI71 N
INDI','IDUAL TASYS, TI.MY' DRATIONS AND FRF."FNCY OF PEPETITION 4-2-1

IDIVIDUAL HIGH ECAY TASKS, TIME k'RATI N' A: FFTEN-Y ,OF

REPETITI 'N .;-Y-

95% BASELINE TR.'INN. PRY, - - -

BATELE DRI.L C.,I *I7 AND T AD-,

ANFX C DATE- LIAT ..PDER YS

02.FX & C :i L ,r,,F F F NIS.'-

.**.**-*-**..**.- .*~-****pI, - -- ~ . . - -

rr-, : ::, '-: ;,..-,.-.,...-.. .;--v,**v.'.-,-'-.',.v;-.i<,;.:vv ,:-,-, ,: ,,...'.'-. -:.-.- ' - .v-



ANNEFX M
SYSTEM1 PROCRAMIMG FLOW CHART

FOR GOAL ATS3

DIRECT ACCESS .... SEE ATTACHED

CL PES ROUTINE TO OPEN FOR DESCRIPTION
CL PN A FILE OF VARIABLES AND

iATRI CES

CAL START
IT(ITAB)0

FIX =I *11~
!TER =0
LPRT - 0

LI - 3

K 'CREME NT
PPIoRITY CK

[ C~V ~ FI~PY 1 F RtIS VALVEF IS ZERO), PRI Fi72Y

E A BE F~RVU AN NOT BE IMPROVED

BRING IN N (N'.'C) 1 F IND THE HIGHEST PRIORITY 1V h

ENTEF';' %'A kIA~ H FAS NOT BEEN COMPLETELY A77T..'NED S

ZMC(IC J FCC I J FX A.mININC; VALUES IN THEF CONSTANT %H

-AXI 'F F i CJD WHEN THE PRI(PITYLEl
-)I-~l:TFIDENTIFY T-HE Al P

:* N 'THAT HAS THE LARGEST P'§I>?', VA,

T - t"~F . THEF VAR IA B!E I N THA T 1) '1 LI

IF THIS VI ',pNTER THE SOL!'TION BASE IN THE FY

PRI TiY I E



CoalATS Conit. (2)

LARrFS2 INDEIX
VALUE DE717RMINES

ENTERING VALUE

000

I -A -0CA 
L F % L(IAB

7 

.....

IMAX PROGRAM DID NOT REACH

SOLItTION IN (X) ITERATIONS
PROC. TFP~UNATFD

I-)FTLRYTNE Wi,.ICF
'.APIABIF '10 PE- 0FN. T72TIM1,N CQI IN FNTTFY IN
4n. r n ,~~MTE. 91'CES IM E7F.MNING TP E FNTI- RINi

0 ~~RASTS CA iA!CVARTAB! F, SELECT THE ROW THAT HIAS 7HE

0* ~LIMITIING AT l(MIMN]' CSIV OR ZERO VALVE. THE

0 ' \'IA~ ~ APIP! IN 7THAT ROW WILL. BF RFP! ACEFD

-. BY IHF VARIABLE IN 7VE OPTIYM'Y CC('UN

A.~ -



10 
GoalATS 3 Ccnt. ( )

°Dooo

" ... [ ZMAX- 100000

SIDO NO- I
NOBJ ER MSG,:

PNPO .HS .... FW (X)R- (NO), N VALI E - Y

"" STOP RUN

TFST. ~CYAI

.,F.4

".4'

, (No .NE

"( (NND .S - NO

FROG.! FALD IO

'TFF . PRGA
STFMIN = AT

I DVR T-NO-

<L;V1,
04 m

IL"B



.4al -S

Y NJ4 NV

REOEY(D.4 ALDTR ( OJXR

0DR

AL

CAL0TR

WRTE ITRAIOV

CALL DEMI7

I E-4 1 EV , FO2 17 AC)



CoilATS 3 Cont. (9)

MO'E 1C' NEXT LOWER PRIOR- LI LI + 1 1

ITn LEVFL L 1 USED TO DECREMENT
0" NPRTCK (REVERSE ORDER)

r" 1WR ITE :

ITERATION AND LAST

CALL
ITAB4 0 PRVLX (ITAB)

TTA13 0CALL
PCOEFF (ITAB)

r1

p.A

IA
t

SD

lo.



START SUBROUTINE

PR)SF: PROCESSES THE PROBLEM PARMATERS; LOADS INITI- l MATRICES

* __ 3

READ PRoGRAm CAJRD FOR %NBER EVALUA TE THE ACHIEVEMENT

OF RO',S, PRIORITIES, VARIABLES, FUNCTION AND RHS

TERMS IN ACHlIE'.'LEMFN-' FUNCTION, -
L Y ITCMjES, FIXES, ITERATIONS

ITAB 0 YE

REAT BAN IE DATA

*~R 
T --rRN7

R/: l JT1ADSD A.%

AN -5; : K 1'

l'' LI I



-°i [ ZERO OUTPUT TABLE ,

-'T

CALCULATE GOAL COL PURPOSE: PREPARES PRINTOUT OF
DEVIATION ANALYSIS.

[ CALCULATE DECISION VAR j
, . COL

CALCULATE coL DEVIATION I

-j CALCULATE POS DEVIATION

COL

LCULATE WFIGHT+S SAR +
-PRIORITY COL's

[CALCULATE PRIORITY COL

[,C

lo",[ CALCULATE COM PUTED COL

'

V.



4.

21

READHEADER CARD C

READ NAME PRIORITY CARDS

NO REA ADDITIONAL INFO CARDS

00

READ NAME VARIABLE CARDS

f READ NAME OBJECTIVE CARBS

',.

I WRITE FINAL TABLE
__ SEE ATTACHED

RETURN

M-S

p

I



PCOEFF SUBROUTINE
PURPOSE- PRINTS TNE COEFFICIENT MATRIX.

NFIN - NXX

ICTR - I
NCK =0

NCK -1

YE NFIW ICTR + 10

NXX>-10NSAVE - NXX -10

NXX -10

ATRIX1m

< 
C 

=C 
0 

E

* ~ ~ ~ ~ -I -. -. . .*SNX*X.*

N' 'q=-0

11-9~ ~J



9

FRH~. SUBROUTINE

m '.ZERO OUT RIGHT HAND SIDE

" IMATRIX AND SET INITIAL

PARAMETERS

COMP'UTE RIGHT SIDE MATRIX

An) ACHIEVEMENT FUN CT ION

WRITE OUT RESULTS . SEE ATTACHED

RETURN

PURPOSE: PRINTS THE RIGHT HAND SIDE VALUES,

AND ACHIEVEMENT FUNCTION.

,, .M-1O

,i



PRVLX SUBROUTINE

PURPOSE: PRINTS THE INDEX MATRIX.

NXX , NCOL

NROW - NOBJ

NFIN - NXX
ICTR - I

j NCK -

1*,K

NX 0Y Es NFIN ICTR + 10

NSAVE - NXX 10l

ICR' AD E WRITE TOP OF

WRITE INDEX MATRIX--

PARTITION (X) ITERA- * * .SEE ATTACHED

TION, VARIABLE,
PRIORITY

NCK~ s-) C R ,

ICTR ICTR + I

NST -NST + 10' I NXX - *1:AV
NFIN =NST + NXX-1

M-If

M-

~~~~ .A .a . . . . . . . . A .A ~ ~ ~ .
: ~ .



DETERM S-,!BRQ T1NE

13 PURPOSE:
DECRIBES THE ENTERING (NEVc) AND
DEPARTING (NDVR) VARIABLES:

VAR - X FOR DECISION VARIABLE
NROW 2 =2X = P FOR POSITIVE DEVIATION

NROW VARIABLE
- N FOR NEGATIVE DEVIATION

VARIABLE

ISUB = VARIABLE INTEGER SUBSCRIPT

YES M = INPUT NUMBER OF ENTERING OR
F- M NROWDEPARTING VARIABLE

YES M C NROWZ

VAR I HP RETURtN
ISUB -M-NROW

I J M- 12



mm-

a

DESCRIPTION OF VARIABLES AND MATRICES

mm.

Dimensions in common allow 130 OBJ, 15 PRI, 130 VAR

MATRICES

C -- Coefficient Matrix

D -- Stored Coefficient Matrix
HEADER -- Header
IIPRI -- List of priorities associated with each objective

NKMOBJ -- Name of Objectives
NAMPRI Name of Priorities

.' NA.MVAR -- Names of Variables
RHS -- Present Value of Basic Variables

RHSI -- Saved Value of Original Goals

RVLX -- The Index Matrix, Bottom Stub, TI
SCENAR -- Scenario Header
STAR -- Matrix to Mark Which Deviation Variable is Being Minimized

VALX -- The Top Stub, TT

VALY -- The Left Stub, TL
WOUT -- The Write-Out Matrix (In Finish and Summary)
X -- The Vector of all Variables

Both Decision and Deviation Variables
Both Basic and Non-Basic Variables

Y -- The Vector of Basic Variables

A, ZVAL -- The Achievement Values

SCALARS

IDIAG -- Use for Diagnostics Write-Out (Not in this Version)

IFIX -- Fix - 10.** (-IFIX), IFIX - -LOG(FIX); It is used to Compensate

for Extremely Small Non-Integer Answers When Zero Would be Correct

IMAX -- Maximum Number of Iterations
ITAB -- Table Printout Switch
LI -- Used to Decrement Priority Being Checked (NPRICK) Due to Inverted

Order Used in Computations
MAXCOL -- Maximum ; of Columns

MAXOBJ -- Maximum ; of Objectives

MAXPRT -- Maximum ; of Priorities
NCOL -- Number of Columns in Coefficient Matrix - NVAR + 2 * NOBJ

NDVR -- Number of Departing Variable Row

NEVC -- Number of Entering Variable Column

NOBJ -- Number of Objectives (Or Rnws)

.%%

'I .



N.CKPI = NFRTCK + 1 -- Used to Increment Being Checked
NPRT -- Number of Priorities in the Achievement Function

NPRTCK -- Number of Priority Being Checked
NROWS -- Number of Objectives (Or Rows)
NTAF -- NumbL. of Terms in the Achievement Function
NVAR -- Number of Decision Variables
SUMP -- Used to Compute New Index Values

ZMAX -- Largest Index Value for Current Priority Being Checked
ZMIN -- Limiting Amount for Each Entering Variable, the Minimum

Ratio

Loops are Incremented as Follows

NC -- The NC-TH Column
* NO -- The NO-TH Objective

NP -- The NP-TH Priority

NR -- The NR-TH Row

NT -- The NT-TH Term in the Achievement Function

NV -- The NV-TH Variable

. ITAB is Used to Selectively Print out Tables

-1 -- None

0 -- First and Last Coefficient and Index Matrices

1 -- Also RHS

2 -- All

rs.

p1.

6_



.1 ANNEX N

BASELINE COMPUTER PROGRAM

This is the FORTRAN program that was originally developed by Concepts
Analysis Agency and modified by the ARTS Study Group for purposes of de-
veloping the Battalion Training Model (BTM). The program is modular in
design and is amply described by use of comment cards throughout the
entire program. The program is operating on a CDC 6600 computer.

I

,N-

I
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o z :C Ui F U 7,j 7-1CI.E TAP;-3=10013)
t L (LC' ) 2GP? Lf -PROG 3JAN 7P

?AL -rF. GP FOR DECtSIODN A4LYIS SAN~j LE~

(rFUN(3,2E0) ,kHS.(130) ,RHSI(i30),

3 V5LX(I5,390) ,VALY(130,IE) ,Y(130) ,XtVE (390),
-4- -X.Y U1 0) tZV L( 5) IF Ix.91A X IUERNCDL 9NOBJ 9
5 NPRTrI4TAFvWVAk,IP.SPT

Im;NSIONS IN CCMM-N' J4Lt7W 1.30 08j), 15 PRI, 130 VAR,

m? Tk ICE~S

CQFFjCIENTi tiATRIX
q 0 -- STCRFO CCCFFIC IENT MItTRIX

IIPRI -- LIST CF Fl;.ICKI'IIS ASSOCIATED WIT'H EACH OBJECTIVE

N A fP; I N4r~MF IF F -IrPITc S
N lM -- hLE CF VAW IAELFS

*i HE P ,FSENT VALUt Cr' eA'IC VA-IABLES
P < S4VFU V'.411E CF -PJI.NAL -VOALS

~VLX -- THE lfL- X tATtTX, E-C:TTOM' STUB, TI

'B- - MT-1 *C V4 WHtCP VI AT :N V A A BL

V X I H E. T P SI~ T T
V. L Y T HE L F T T ~ L
W'r J T T9-t WPITF-CLT " I N F I NIS H A -' " j4 AY)

'!! -- ->L TC f AF PLL V A . I 25Li
C T I' I r. tN ! "VI1 T *4V A"L

~O~' I C' NL r'. - qtK IC fiiLE 3
-- T'-' V; VC t L47 V~ F NIM3FR;

-- Tm- A' -iI t J-i NT V ;-L t

-- T .T '

m". . . '

* ~ . -I T



NP'<PI NPt7TCK + 1I- USEfl TO INR -N BEING :HECKFO
C NP ? T -- N'KBER CF PRlITI ESN THE ACHI EVEMENT FJNCT ION

NP,(7CK -- NLMBE~t 01 PFTORITY BEING CHECKED
o NbOWS -- NAMBEk OF OErCTIVE-S ( OR RO.4S)

NT. -- NUNEE OF TEMS IN THE ACHIEVEME'dt FUNrO
KV: K.llmpRFj CIF [)fl.Ts1p~j VAJRTAR I ES

SUMP -- USED TC COMPUTE NFW INDEX VALUES
C MA _LAUGES1ANULX WALUE -FOR CURKENT-PRIQRITY BEING CHECKED
c ZMI'4 -- LIMITING rMOUNT FCR EACH LNTrRI45 VARIABLEs

* - THE ftI?'flMUhRLTIO

CE SrF ARE TNn6 MFNITFn A~ rn ~' Q__I__W

NC -- THE NC-Tb COLUMN
CN) T THE NO0.-T-H CEJECT-1. WE

NP -- THE NP-TH PR~IORITY
-Nk -HEW NR_-TH. -RO14

NT -- THE NT-TH TFIA4 IN THE ACHIEVEMENT FJNCTION
N - T~- HV N-TH VAP -* -

0 IT~3 -USED TO PIETVL RINT OUT TAB3.ES

- -1. -- NONE
0 - FIRST 6NO LAST COEFFICIENT AND INDEX MATRICES

_ - AUL RE~S

2 -- ALL

1pIN PQOSAM

A AL TkL I2L A-J -_ -s--- L -_LT

tLL (,,35.U

... .. .. ... .. .. .. . . . . . . . . .* .. **.. * .* ................ 9
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F (-" .- ) LT.F IX) S 0F=0.0
3 .C.T ' u.

"V- A h ,'' P '. -V L X ( F N,'
' 5 -VL X q , C) L-, I)() R.Vt-X(N;) 14C)=0

0 " ,T NU

"4 ING * X(NiV') NTF-ING VARIABLE

ZM X IS THK L4RGST TNOEX VALUE FOR THIS P-IORITY

C iJOD~ NC0'L
F ('' T C ,." ,NFRT) r.Q T' 900

.s H T T F F ICF, ITY, THEN CHEZK THOSE fOOVE
IT FUo ",-FtIrTIVE F: 09ITIES

20 00 FFrKP1,NF k T
IF (RVLX(hN'% C).LT.0.0) GO TO 1000

:>0 T ' NJ:
40 0 1F (-VLX(NPRTCK , ) .E.Z"'AX) GO TO 1000

L, S ST IND X VALU" DETERMINES ?HE E4T RIN5 VALUE

L + . I

T ~ 1:1Dl

1AZ TC 
T C r 0

S" - W" L A AL TC k'EMCJC FR2IM T E 3.&SIS

-l " -, .. , .'Z 3 S J~A

I .

p..-

-I I - ( * ) I(, ,J

40 . . . " .r
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1200 ?CN' NU:

F " ( 1 4 L T C q 14 cY TO 1300
, IT (;,3200)

•-:; i3 h Ir.-7IC TE 11 FCIL. PIVOT TEST

i ;'O "7 2910

1300 IF(1 9. LT,0 GL T) 1350

f 'I , " 9 (', j T J (DV I . VR

" 1301 J=6,
l kdlI . (J 3300)LIi, tL.liEiLVC, ILVCs.NMPTT, C NV Ro.NEVC ,ZMIN

C - HCV[ Y(NCV ,

1 0 Y( OV Z) NE

-- 1-0 NP I,NP, T

Z V tLtI 0.

SL. T t ", w (-I G- .- ' ,D c £.F,

i C 1 0"0 , 1, I J

"K ,.1- ' (' -Z I ' - -,---..-

,V 4L (NP): Zq4L (NF I - C ) VALY(NO,NPI
: - -, , j
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- 4 1 U I N_ ST L. W T 'I A

7 ' 0U 1N4 1-- '.T(AE

S jFP,'' T I NF iA. 7 J'UL Y 7 7 -7 -77 (,EVISED 10 JAN 7 6)
iF SANG LL._ F * Ial- N
T l ST TqU-kL T~ I Itt rE:c,5NE0 TO TA427 1"IMAT ION I

J SE~LS RE L- Ir

CQ'~ 01'C( 130, 390 ),

4 XVi,3:'O),?V:L1i), IFIX,IMA X,ITER,NC)L,NOBJ,

NT P , TNTA Y ,L P

IA 'AT~l

-- ~~ LuFc .T MITRIX

I -zT- F 4;T 1 %C~ T IFS 4SS2CIATc'3 WITH( EACHi OBJECTIVE
* ~ .4~ - ,M~3F ( J C TI V fS

H - tF T V -L LE C~F4SIC VARIA3LZS
VAIZ L E~ LF f I UAL GOQAL&

-- ~~ '- I - 3CT7&0 STUB, TI

S -- MIT TY TC MA~l WHICH DFVTATTON VARIABLE IS BEING

V - L- X ~ j: T

- - .IiA T - UL I- - - --
T - T I ~-T - C uT4 ~T ;Ir x IN FlINISH AND SUMMARY)

T -- T' V LT C 2lF AL L VA PI A 3L S
-3CJ* 13 L1 V~~ I~ VATO1N IA -I AB L ES

I31 N-1 Q'%2 NC- eA I C V A PI A 9L S
V -- VA L .TC F P r.c7I C V _ kI A LE N U 3 E R

T - I E tiT OLUE S_

I I C -. L F rP L !A D.I i w -. ITEOUT (N)T IN THIS VEPSIQN)
I F I F X F~ f.(- X x I F IY -LOG I X

~ -- L 2~ ~E LER CF .LTEPArioNs - --

-- T.'LP P" BTCUT7 SWITCH

L I- u TC F.l -E NT P Ic iTY RE't4G CPE:09(4PRT K) DUE
T13 , , T -!r Uc( r) 1,1 CCMPUTAT I3JS'

mb x FL - PI ; LLMN3
-- f, )( 1 : c . V

NC>- Nu~ F F C t';IN' IN 'OEFFILIENT 4.4TPIX

p-, h' 1 .1
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-- NUtH3ER OF ENT1'_kING VARIABL:_ CLM4
- N03J NUf3E;, CF C8J.CTIVES (OR ROWS)

NFC<ci N.PCT3K + I -- USED TO INCREMENT BEING Z'IE^KEO
I NP,'. - NUMCE. CF FRICRITIES IN THE ACHIEVEME4T FUNCTION

NP'CK -- NUMEEP OF PRIOCRITY BFING CHECKED
-F. .! _EQU t1_ - P __LF CEX-JCTLIVES XR -R.OSI -.. . .- ~-

N 7 F NUM9EK GF TFRMS IN THT ACHIEVEMENT FUN'wTIO4
N V NItMBER OF EECISI.CN VARIABLES
s --l USED TO CO~MPUTE NCW INDEX VALUE3

-~ C. Z~x - LARGEST II4'LlX VALUE FOR CURRENT PRIORITY. -BEING CHIECKED
Z'MINl- LIMITING A MOU?" FOR EACH ENTER143 VARIABLE*

riHL bM IKU tt-.1O T -I ~ r.- -------

LOPS ARE INCKEMEN-ED AS FOLLOWS
- _ __ -~T~tiC-Tt COLUMN - .

-OLOP3 .RE INCFJJ4 E NTEL- AS FCLLCWS 4

- NC - _TRE~ NC-IT- COLUMN
C .OCPS RE INCKFMENTEO AS FOLLOGWS

14-L E L O t C ~ .. - - - -
C NO -- THF NO-TH OBJFCTIVF

NF T- It-E, NF--TJt1 FRIORUAY--- .-

£NR - THE NFRTH ROW
4 T THE NT-TH TER;M 1N. THE ACHIEVE4-iNtr FUNLzrION
NV -- THE NV-TM VAFIABLE

%.
r_ -PIT 4TTBEI - TA~ -0 l U50D TO, Z1.ECTIVtLY YILOTALE

-. 0 -1 NONE
e- , -- - -- FIRS1 A.P.ATC EECIEN._ AND.IN.DEX MATRI-CES-
c 1. -- LSC P'HS

2 AlL_ _

c _ .' ".SU3&0!J INL STACRT

',A Xr9J=i 30

RFAD THE PROOLFM CARr FOR THE NUMBER OF ROWS9 PRIORITIES,

- ~ PIXES9 t4AXImuto tIUMEEP OF ITERATIONS

READ (F,3300) NROW,NPRT,NVaR,NTAF,
--- ITA82 IGFX IAY 9IDSFT - .-

... ... ... F(FJF(5).NE.0) GC TO 2f90

iF (NV.AR.LCE.0) GO TO 24.00
-. F (NPkToL.,C) G~C TG 2L00

~F (NQ0W.L' at') GO C 240fl

TE T FCR SIZE

Cn N - UW NPC W+N vt
IF (S~CW.GT~t.MAC.?J) GC 7( 2500
:F (H'COLoGT.N4YCCL) G~C TC 2500

6 N-8



TF (NF'RT.GT.MAXFRT) GC TO ?500

J= Nt%#,NqOW

600 C(NRJ)=-t.O
-- F-AL dQ- 8L -0 A 1, MAU I X IP~ - -

C ScCTION III DATA ItJFU7

O SiCTION III DATA INPUT

YCTIOPI III CATA IINFUr

& ~ ~ ~ s*. So * 0.000 ***see. *.O000* *Sos Sge. *....g...g0 g. 0 s o eeeeO~g

90Q0 F.ADA5040OL ILFP&OJO VALJE -
sga.CHECK FOPMAT

.F (IROW.Lt*.0) GO 10 2800
-I --J (JCO.L*E7.O) r.0 T!OZaga_

J: J6OL .2lNr~l0W
-- (T;OW, JI=VALUL -

S A VFrROW,9JrOL) IVALUE

C _ _ - -F AO ,H RI-GHTjl-AkD--SIOF- -

r S'~rTION IV CATA INPUT
C

keg. ~ ~ ~ ~ ~ s 00....0e Oe.C* 40 O Sg0CC eg 000 ** S0 C0000 a o 00 geeso

*ia jjtf2FA2 (,;.3 flfl1JflS.A O.R.--X--
IF (IBRAVO.GE,99Y9) GO TO 1200

15O TO 1100
1200 -CQNTTNUf.
C

WRIT (rI~~---

WRIT. (6,'.!001 NROWNVAR,PiCOLNPRTNTAF,ITABIOIAG,
I FIX, IMAX- -

-?FtD (."ND WFKITE CUT) THE CBJECTIVE FUM.TION
(TtiE P"IOKLTY -UT.UCIRE) - - - - -

SFCT ION V DATA INFUT

-~~~~~~~~~ ** * " *6 *g *g * e o . * e e @ CC** C . * C 000" 000 9 *@e e 0 e...

120F FC'LMAT (10Xt*rFIO0ITY STPUC.TUFF#/4E,#*SIG'4*,iXIROW',
PFIO')QUY WzIGI4TN/)

jF I M ~GC TC 1700

F ' (1 , 'IT I K, ' I

(<i.I.(jfi399)N-920 ~.,,



-FL 1 2 0 ~T) =L C W
-F U0.(3 ,NT) :100. 'wT

=3HPOS
:F U-KOW) I300,Z2fl04 1400D

c
rS~fl .4 nq F-)r-go n nne

OSGN = HNZG
* -RCW =- LkQW -

SO TO 1500

V 0O0 K2 >'. I =PRT ,1-KPR I
-- VALXpZPR".KCDL)IXL--...- -- ---- ~ -

wR I T t6 106) OSGN , L OW9 K PfRI WT
l? -jjr4:IPklliw*j - -- - -
IF (IPRTSW.FQ,5(-.OP.IPicTSW.EQ.112) WRITE(6,3800)

JEl~Df FOR~MAT (sX.A13x.TR. XX fBZ1.. -

tEO CCNTINUE

c FVAI.-UAT THf ACIHILVE-MEJ FUN~CTION

Z VAL (NP) 0. 0
D-Q t'?Q SO = -12NQ8BJ -

ZVtL(NP) =ZVAL(NF) + RI"S(IiO)I VALXINP,NOI

VALYINO&MP) =VAL(tNPtN
1720 'CNTINUE

C WRITE. THEF ABOVE INFUY

c RS ANC tCHI7VEMFNT FUNCTION

- Kc =Fti~LI NR1LhkLl - --.

N402 =NO. NC9J

*X1VE^Z(N32) jIjP

X2V;(NOZ) NO
- Y(NRI = HR - . ~ - .

IF (?i4S(NRI) 270091800,1000

Z OQ.D -0NII N}V E

0O 20 NV = ,NVAR
"Y V = N* Z 4 NODJ

55TrIVT:O0N KATES

N- 1.



YF 1'ITA2.GE.oC CALL FCOLFF(ITAB)

c RHS, OBJECTIVES AND ACHIEVEMENT FUNCTION

IF(ITAS*GE.01 CALL PRHS(ITA6)

DARAMLTERS

0 LRQOR AND) DIAGNOSTICS

'0 TO 2900
-3IA&Ill l" h1 --a

GO TO ?900
_ 26,00l WRITE 16,490(I__ __ __

GO T3 2900

GO TO, 2900

2900 STOP

FORMAT STATPMENTS

3200 FORMAT (215,FIO.Q)
.011 P QR MAJ -.L9I1 _ _ _ __ _ _ _ ____

3400O FORMAT (15,13,2X9I3,7XFlb.0)

3600 PO'PHAT (//38X,'THE RIGHT HAND SIDE-INPUT A40 ACHIEVEMENT*,
-*CW~U7EQ*sL33)t*PAG. alMj*VAI U J1s*kO "i
*T'.0,'ACHIEVEMkNT 0 ,TE,'vALUE',')

* 3600 rO0RPAT (1HI,*Pt.'I7Y STRUCTUlRE0/',X,'SIGN 9X'ROW*,

3 3900 FCRM4T (//55X9THF SUBSTITUTION RATES-INPUT*,18K,
I *PAGE 0Z41)

4.000 FORMIAT (* ROW,IS)

4*'200 FOfpiAT (//5X,*THE OBJECTIVE FUNCTION -INPUT0,19X,

L - .* -PAf1E 03'/L -

% *1, SUMM4RY OF INP4 UT INFORMATION *I)
4 1-1. ~oilt~ LLils! UhISf RQEMA. r W 9... .T4&Ii1i0 .

I f1jUME 1191F GECISICN' VARIA6LES,,,.',T40,15/
2 %I1997OTA%. 424UBE2 CF COLUMNS.,fg,*t"01 5/
3 Tig NUB ,01 91F PRIORITIES s eT409,15/TIC#

L6 *NUMZ-%R .F 'RtrS/T7,4INq ACtILEI1ENT 6,
5 'FUN4IC ot-., I/TI0 ,'wIRITE-OUT SWITC-4 .*. ,T 4 0 , r5

i~~0 T.M~ i '''1 NI OF0
4 00 F- m T (4 CIACtlbCOTAIN W k NPTf18ig



'.ia c(* MAT ( N.UM 3 E R CF KC .WS9 VARIABLES9 OR PRIORITIE'S *,
I *C;t'NOT EE' ** EQUAL TO ZERO UNDER ANY *
2 *ClRCU'4STPNC"-So4)

4d0 F OPrAAj (4 THi NUMBL.R CF VAFIABL:S NEE.OED T3*
1 *COMPUTE THIS P GCRAM*'9# IS TOO GREAT U40ER *

L900 FO~viT (f PROBLEM CARD MISSING OR tISPUNCIE34)
50-00. FO"RP4T 14 .NE.GATIVE VALUE$S kkE NOT ALLOWED. ON THE -* RIGHT HtNtO',* STDE. CORRECT PROBLEI BY *,

2' fHUlTIPLYIN.G JtjTj~j. CONSTRAIN~T 8Y,'* HINJS 4,
3 *ONE**)

M-1



"UR-ROU'IN-- FIINISH(ITABI
S1JPCJT-'NE FIP,iSH iEUVIUFO If JAN 78 REF. SANG LEES PmI55

C WITH CHANGJES
S IR CALLED BY MD IkFRG GOAL PROGRAMMING

cE-AL N-GOtIV
___: m t a 6 -ifl LU. ifi.. LI-sJ..IE.T112frft..2 1 - S I AR I~a4 r IMW T 17 .ZnL,
I HEA1DER (i2l , NAMC8J( 1JO0 , 1AMPFI (15,2) , NANVAR (260,Z) ,

-S- S NA. -12) 9 US 1itr *12.-LlDUI(476 060,-9
3 OFI)N(3,2ED),FHS(130)tRHSI(13o),

'p 'VLX(15.939) t5VF( (1309130)9
5 V LX(15,390) ,VALY(i3OviE),Y(13O),X1VE:(39O),

7 kJPFT,NTAF,K~VA-; , Io-PT

C

C -- COEFFICIF NT t4A7TX
C 0 -- STORr COEFFICIFNT MATRIX

* HF4)ER - HE.CLk
r___ T T- - J1 IL -=.=F I L C - .E ILILf Si.S S Q T A T Fl n 1 i U r H AC 3TL

IWT -- LIST OF WiTG-iTS ASSOCTATED WITH EA>4 OBJECTIVE
C NAMI8J N-tAME OF CBJECTIVES -

C. NIMPPI -- NAME uF PFPICOITFS
rAmvg o f- rAM Hr F VA- IAPL FS

RHS P' F NT Of'U 0 r ASIC VARIABLES

QVLX -- THE INDJEX MATkIW, 601TOM STUB, TI

c ; TtR~ M4TRIX 10 MI.PK WHICH DEVIATION VARIABLE IS BEING

V4LX -- THE 7CP FUE, TI
ALLL-il±E LEFT STUE iL -----

7 WCOUT THE WrKITF-CUT M..TRIX (IN FINISH AND SUMMARY)
X.-- TL -VFfJOR QF ALL VA.IP-ELES ---

~30TH DECISION A.NC DEVIATION VARIABLES
30TH4 ASI( AhL~ iOfl-SASIC VARIABLES

r -- THE Vi-LTOR OF BASIC VARIABLE NUMBERS
- ZV___LAL. -- -Tf-.~iU~~i-At~

191~ 4C, P FCFS UlAGNC STIC S W41 TEOUT (ND I IN TI'S VERSION4)
IFIW - F!X -1O.4(-IFIX)1, IFIX a -L)G( IXW

2- r-ELf V I',TCU- !,WITCH
SlI -- Ji L TL. (fC~cfhTN FQTCl.ITY BEING C4:CKE9(%lPRT;K) DUE

- 0 IN~t/if' C, Ckc U'U IN COMPUTATI)NS
L MAN ̂ L I- ~AXw I M~ Cc L tN~

4f X 9.): J A- AX I P'I'm JJFCTIVFS
mW- T - 01;~j r C TCFITIES-
N( C.. - u -4CL F (L L MNS :N C.D FF1 CTE4I 14A' RIXK

-NL V -- J'~F £F t-' T IP-( 4AQIAeL-7 ROO



N~; - NJgl k 'F f NT:RING VARIABLE COLJM4~
N 'I-J -- NL'2ER OF GEJ'LCTIVES (OR-ROWS~)
NPF-KP'I NPCL'(K + I -- USED TO INCREMEWT BjjNq ^W Z ED

--7 NUtSaEh (,F FV'ILRITIES I-N THE iCWIEVEME4T FUNCTIPAN

NIITC NU~r F FIOITYBENGCHECKiD -

-N1~ -- NUM3E-R CF TERMS IN THE ACHIEVE4IE-4T FU4rION
u NVA _-- NU14BEF, -OF- LC1ISIDN MARIABLES

SUM~P -- USED TO COMFUTE iNrW INDEX VALUES
Z M 9- _.1.F GEST -I"fEX- VA"L_ f_0R -CLURENT- PRIORITY~ BEINGLCHfCKEPL

* ZMTN -- LIMITING5 AMOUNT FOR EACH ENTERIAG VARIABLE,

C LOOPS ARE 1RKEtEKTLU A-SfLLOKS -

NC -- H-: NC-TH COLUMN
1-t I -L R0 -- HhLO-TA EJEC-11VE--

'., NP -- THE NF-TH FRIORITY
-~ ~ ~ ~ TkF NFk-TH ROW _ _ _______

NT -TIhNTMTR INTHE ACHIEVEV4:NT FUNCTION
K.~V 1-JuiE_IL- TL )lARIAELE-

c. TI3 IS USED TO SVLECTIVELY FRINT OUT TABLES

a -- FIRST AND LAST COEFFICIENr AN) INDEX MATRICES
C £ -l ALSO RHS-- -

* - 2 -- ALL

of-to U'3kOUTII.E FINISH

-S DEVIATION ANALYSIS

C .0.*ZERO OUT WOUT ARFAY

-I. ~. NO =i130

ONIINUE

1F (ITA3.GT.O) WRITE (6,2800)

zV IF (! TT'6GEsO) WRITE (693000)
K.-WRIT: (6,3±00)

I F (I T,148 .Ga0) WRITE 1693O000
10 00 NR:114ROw
N~rOV=O.0 -- - -

* * W0U(N,5)=RN~.I(N~l

* STAP(NRJ)2194
lI l~I iNR.JI :0

t0a IWT(N~gj)=O

* F I M
9L7.ti0WJ 50O TO ?GO

:F (ML-.PN'aWZ) GC T- 301

'SI N-14



NX=M-NROW2

GO T3 500

WOUT (M 90 =NEGCEV
an T~I I~Ln

300 NPOS=M-NROW

WOUT (NPOS, 33 POSEDEV

400 :ONTINUE
CD~ ONTINUE __

00 700 NT=I,NTAF
I. -- R- =OQfEtlR!I,V1I) - - - . - - - -

JfPOWOFUN(2,NT)
I EAJ11Wt-il -Q GO TO

1: JROW m  0

IWT(JRCW,2)=OFUN(3,NT) /100

I IPRIr(JROW, 23 IPRI
- -2QQO TQT0 -- --

A~ 60 IWTJiROW.1)=OFUN (3.NT) /itf
-~ STAR(JROW,1)zIH*

_ 1 iPp I IRQW-2I) = LPJ. - --

700 "ONTIMUE

flo e00 NP=1,NPRT

DC 900 NV=1,NVAR
-900-YZ(R6 QilhJQ T(N-1SAVEC (NR.NWI tOUJLZL. ___

'0MP:MCUT(NR,L-).WOUT(NR3)-WOUT(NR,4 )
lF (B1CiP'OTLi)IT,.)WRITE (fL00) NR2

' OMP*PWOUT(NR,6)

1000 LONTINUE

"AD IN HFADEkS AND NAOOES rATA INPUT SE,,T ON II

* "SAD (c;,3000)(SCENAlk(I3,I=1,12)
REAG (5,Anflf) (IFAE(I).l~f.t2 ) ________

10 105 Izi,NPkT
105 FAD0 (-St3 1,0 01 (N A M F FZ(,fl 2)-

IF (IISPToFQs.O GO To 120

* - 110 EA (593000) (DSP7(1,J),J=1q12)

o -FAD ('-,31O)(NtAMC9J(IqJ),J~j,2)

TH4' GUTFJT AR;AY IS wKITTi N OUT

%~ WCTT (J,2100I (SC( NA,( I) ,I:1,123, (HEADER(I) ,I=1IiZ)

N-- 15

L a?~- .~~* ~~* w*



Wd.TT: (J,1-00) NF T,NV4.I,NOeJ

5 QiP TI,4UE 1R~vV1ff7NCEJ)

IP&'SW=I5-
CC 1 :E I =b0

- ~ . l PF'JSW.IPR.TSwtI -

IF(I.EQ.7) GO TO 1001
- ( I . T S L..5 6 c. IPF TS W L-Q96) WR ITE-16 924 0 01.-

'ii1001 TF (IP:ZTSk.EQ.2iE.ORl.IFRTS-W.EO.279) WRITE(7,2400)

T (<*GT*NVAR) Go TC 1100
WkIT-: )- Ks-0 ( NAMF RI( J ) sJ1-i1-21 -aWOLIT-IK9,I-*

i (NAMVAU Kv J) 9J=1 .92) WCUT (Kq2) ,(NAMOBJ (K,J),J=
2 is2) 9 ZUT (K9 31 vSTAP (Kil) qIIPRI (Kt) #I WT (Kslls- .

3 WOUT (K9 , ISTAR(K 92) 9IIFPI(K92) 9IWT(Kv 2) 9

GO TD £500
itOO0 WR I T Q s1900 1 K24iAtfPRI(KPJJ.sJ=1, IZJ iK - -K2l

-2-. .- .IIPki((K1 ) AWT iKsl) tOUT (K9 4).ST AkXKZ,. V- 9-
3 IIPRI4K,2),IWT(K,2),WOUT(K,5),WOUT(K,6)

1200 lF (K*GT*NVAR) GC TO 1300

WRITE (192000) K,(NAMVAR(KJ),J i,2),WOUT(<92),

2 IIR(,~ITKivWU(p)SA(9)

(.Go To 1500

Qfl' S'L Ai.L22Dl ~tIPCe(K)LJWTKi2),WOUT(K,3IJ.

-2 STAR(K2),IIPRI(KZ],1IWT(KZ2)sWOUT(K,5)-j-
3 WOUT (Kq )

4 1L00 WFIl :- (I,2300) K, (-NA?'VAF (KJ) ,J=192) ,WOUT (K92)
1500 CNIU .-

I58 a ONTINUE

C .LL -S-U"R-(WVT--------. t~-- -

;iETURN

C FORMAT STAT -NTS

1;50C FC'RMAT (f S/fc FINISH -- DIFFERENCE NOTE) IN '

I 05JH (TIVF*, t' ,213,a,' VALUE IN. GP SILUITION02
2 F10.2949 COMPUTE0*,FiO.2)

1. 00 POP"AT4 (T13 s t *,!F -FRIrIESjT35PIbs4. 0CIillN--f--.
1.*VARIABLES".T81,I6,4 C6JECTIVES#//T13,# ------

3 ---------#----------------------__

3 ~----------------------------- m . :*/

5 *POSITIVE4,T098, NEGATIVE*/* SUBSCRIPT49T759

*N- 16

iS..,J-



S*DtVIATION FRI WT49T9.,#DEVIATION ':I Wr',
-. 7 -TU1At*GOAL- q,-1Z4.,*COtAPUTEO4/)

1800 FORMAT (IbT12,2AE,Fil .2,T38,2A6,FiI.2,T63 2a6t,

igoFO T(6,i,2A,ii2,T3,2A6~2(Fi.2A-2,I4

2000 FORMAT (I6,T38,2AE6,Fii.2,T63,2A6,2(Fi.2A,I2I.) ,
A. ZZ. Z)-

- - - 2100 FORWAT (iHi/T58t*GCAL FROGRAtMMING*//20X,i246//

2200 FORMed (If,Te3,2A6,2(Fi1.2,Ai,I2,I4),2Fi2a2)
-- ___--0- F3Q FPAi..L-* 3.Lt2ALLF Fii I..-----.

*1 ? I FOFM T(IHI/* SUBSCk.IPT%,T75,*DEVIATION PRI WT*,T94,

3300 ;FOk'f4T (12ALE)

3200 FORMAT (F10.2)

El-I



SUe- OUTINE PCCEIFF(IT4.B)
FUE UTJNE FCCEFF(ITA81 - _1 NOY 1371

PV&DZOE iS TO W;ITL OUT TWE COfEFFICIENT HATUX, TITLE, THE
fl COS -AND COlUMNS L..NPAlRTIION THE OUJLYRUT IT- TWE NUM1BER OF,

2OLUb4NS IS GREATE THAN 109

CO MM O1

COPMON C(1309390),v
-- A QfUAlN3? t0bjKHSAL 0)pR1 (1.3 019
2 RVLX(t5,390),Z)AVEC(l30,130)p

4 X?VEC(390IZV.IL(15),IFTX,IMAXITERNC3LNO8J,

IN7FEGFP X2VEC
__. X X_ NCO Q -

NROW = NOBJ

%.FIN = NXX

NCK 163'

100 IF(NXX.GT.10) GO TO 400

WRIT:(6,10)0) ICTRITER

WRITE:(6,1150)(X2VEC(J)oJ=NSTNFIN)

DO 200 NR = iNROW

IF(NZK.LE.0) RETURN

NST NST *10
-qKx-= RSAVE__-
NFIN =NST + K.XX -I

NCK =_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

'00 TO 100

KFIN =ICTR 4 10

* NXX =10

90O0 FOPrI4T(lHi)
10 1 F 0YQJ,-A I J LZJ_ *C OE FFICIEtiATIk-RI 19 P A RT I t15'r1-T iRA T1_0N*t

f *Ic//T20,.VARIABLE./2X,.OBJECTIVE*/)
11_00FOFMAT;jO(1jXAj) -

1150 FOiRNAT(T39tOI12)

1200 FJRM4T(15,i0F12.4)~

N- 18

..01ALAj



SUBROUTINE PRHS(ITAB)
CL SAUBS.AUNL PR- 11 1R&AD AC.H LV E IiLV F UIJWN -_ - IIA N_ I

TITLE THE ROWS IND COLUMNS, AN13 P41RTITIOt4. IF THE

MtC'qMON_ Of___.ANS- __ ______- _ 4N-i la

COC

i OFUN(3,260),RHS(130),RHSI(130),

3 VALX(159390),VALY(13C~iF),Y(i3Oh9XiVEZ(39I),
-- 16 XVFC 3(q0 .ZvAL(15) .IEIX.TMAX.TTFR.Nt3L.Nl3J.

)5 NPRT,NTAF,NVAR,IDSPT
INTEGER XZf__ - -

WOUT MATRIX

C WOUT(NRi) = BASIC VARIABLE VALUE
- 2 AUTLNR2)=LA1JfiOF Thf-CAL_____- --

c WOUTCt4R,3) = VALUE OF THE POSITIVE DEVIATION
-YO VA~ L.L tTEhE__hIGATIVYE DEVIAIIO* -

* C WOUT(NR,5) = ACHIEVED VALUE OF THE GOAL
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ANNEX 0

COMMON COSTING METHODOLOGY

Introduction

The purpose of this annex is twofold. First, it describes a common
costing methodology for use at battalion level which will enhance contin-

ued developments of the first generation Battalion Training Model (BTM).
The methodology focuses on the resources which are directly related to the
training activities of a Mechanized Infantry or Armor battalion. These
resources include the battalion's Program 2 Mission funds, training amuni-
tion costs, and training time. Although the Mechanized Infantry and Tank
battalions are used as the vehicle for discussion, this methodology is
applicable to other type battalions. The conceptual framework for the

methodology is discussed in the Resource Cost of Training concept paper.
The second purpose of this annex is to address the manner in which BTh

outputs could be used for resource justification to senior management as
well as for resource allocation at different levels of command. Conclu-
sions and recommendations are included in chapter V to this Volume.

Basis for Resource Costs

The basis for the battalion's resource costs is the training program
recommended for an average Mechanized Infantry battalion which is formulat-

,1 ed in terms of specific battle drills, training drills, and ARTEP missions
and discussed in the concept paper on Unit Training Programs and in Chapter
1I of this volume. This formulation systematically integrates an average

battalion's training of individual and collective tasks into the three cate-
gories listed above. Battle drills, embracing realistic time, distance,

and condition factors, are conducted under field conditions together with
ARTEP mission training. Training drills, on the other hand, are taught in
garrison as a prelude to battle drill training. A detailed description of
battle and training drills, to include the specific individual and collec-
tive tasks contained in each, is found in Annex E of this volume.

Associated with each of the specific training drills, battle drills,
and ARTEP missions are frequencies if repetition, and the expected amount
of time required for execution as well as ammunition requirements. These
requirements recommended for each drill/mission could provide the basis for

the Justification of Army-wide training ammunition requirements. Under the
forthcoming training ammunition mangement information system (TAMIS), ceil-
ings on ammunition expenditures will be established at different levels of

r-immand. The ammunition identified for the drills and missions could also

serve as a guide for establishing the specific value for those ceilings.

The frequency and time duration recomnoded for each drill and nission

are dppendent upon the level of trilning readiness (e.g., Bn-I, Bn-1O, etc.
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to be maintained as well as the following three unit porsonnel condition' :

percent quarterly turbulence, percent officer,'N'O ftil, and per,> t r f r! t

strength not present for training. Thus, a unique descrfptive training

program, expressed in terms of frequencies and time durations of drills/

missions, could be recommended for all Mechanized Infantry battalic-s wit .

like readiness levels and perconnel conditions.

The recommended program serves to justify and pres-ribe res'urce

requirements to senior management as well act as a ,,iide fcr al ocati:n

training resources by the different levels of comanand. (How this could

be accomplished is addressed later in this annex). The Program 2 Mission
costs associated with a specific recommended prigram are estib!ished by

the BTM, using historical, and installation! division-unique (obL fdctct

as described in Chapters 2 and 3. The BTM cost output associated with

the training recommended fir a battalion could serve as a P2 Mission c )st

ceiling much in the manner as that described above for Class V expend I-
tures. A battalion could be programmed Program 2 Mission funds in accor-

dance with the dollar ceiling established for the unit's traininA.

Although the recommended program is prescriptive for res-ir, t,,

fication and alloc ition, it is totally. !occrirtive orce r s,.7 ?:s are

allocated and the program is executed. In oiler words, provis'-s ,.1 t"'

program are not mandatory; the local commander can make adiutments 1, ,i

on his own judgment . Accordingly, rt-Tt i. on ,<f the t)rerat ive t,' I 'it

the frequencies, times, and amnunti', re, mend,-d for the dri's/ is :,

as well as addition or deletion of any individual and/or collective ta's
associated with this training remains with th indtr. A r -i g cnerai

rule, the commander would be able tc make mny aij ust nen't to th Ie- -n>' -

ed program he considered desirable as lonR as he does not exceed t, d -

lar ceilings allocated for Program 2 Y!-s-n a-il anr-untt1-n anl pr*,vi ie .

he still meets his assigned readiness ".-vel.

To determine whether the cost of his ail,'ted progr m is within tf

established dollar ceilings, the battalion om_-n.nder must hav, a -aeth, d-

ology for estimating his training osts. 1,e teth-dl - ,A- , ,1 iii -,-

identical to that used ti develop doll-ir -..l - a1s1 -,.it with the

recommended program. Without a co!rv t € 't',, iv, tue ,a -

bility of the cost figures between var )uo rp ,niat i 'l le.e: i i

tions -amnnot be ensured.

rime. i.,e !,mn nt r(-sit*ro it nlt ! ,-,el n.*-ii r--, ire~- .'( -

potation Into this ethodol gv. Tit as a P:r-V,Sr 's pr r se Ir €

program should not exceed the a 'l.atel d-llar .'1iog, his i i g .aA'.

should not exceed a vlahle ti 7 e " . T- qt' - L, 1
the following metti-il vv" is ;t p . :

-I I I I 1, .1.1-.-.....-_..-. _.
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training activites which have similar equipment usage requirements%

I -' ~The drills/missions for the different organizational echelons of the
battalion are grouped into the type training days displayed in Table 1. The
drills/missions are virtually mutually exclusive with respect to different
type days; in other words, a specific drill or mission is tied to only one
of the type days. Based on the training program definitions outlined in
Chapter 11, garrison days apply to all training drills but do not apply to
battle drills and ARTEP missions.

Battaltin Level FTX* Scout Platoon Field Training
5*%

Small ",it FTX Redeve Tea Field Training

' Ta. t E al F.xercises Without Troops GSR Team Field Training

.",1ani Poot Fxer ise Missinn Training

-i. i.:l Mrtar Flat)on Field Training HMiltiechelon ARTEP

AntIA-mor Platoon Field Training Carrison Training

*' .. , 7 c, ar'J bel ,w

T-)l 1. "w 'kha)Ized Infantrv Battalinn Type Training nays

e tal r~ -er of each type day Is derived by adding the times an!
fr-jlen Lea of all the drills and missions assigned to each of the days an-!

!:i ,irs per type day factlirs at battalion level. Each type field

tr-illnti, .iy and garrison training dai 'onsiisti f ten and eight hurs f

trilinng reipertivelv. For example, :60 hours of garrison training drils

2.")uts , garrit'n training days. It 0.,ould be n.,ted that this t,,tal
,ri : fng tf-iv roq.ilrement is less than the sizm of all training davs Li that

n i:: ' -f te t- -Y i;- g lays are scheduled on -irrentlv. For exanple. !* #

t I i n ,t ire ro',,i, roment for ine line c mpanv is not Influtenced b'., the

r, i! i* .ts ; f v -f 'he ,ther line compantes or bay a -f the coNmbat

At ' nq. '7
'

.iq, trAini-g time rq i.renents b'-, l be ieter"1ind f r

t-"r.'r "tr iPn *ri 1,t,4" w I t th the battalion as :I i -,a'ved In Ta b : .
" "t -, it l i i'fil t refer to the ha, tal lon's train,: ,g time rpq,itrent

i" : f t e "p.i Ing training unit" i.e . te frafnlnz rift in th,
Ad Ia -I w ' e Otr .,.I Ie S t fra.11-1 1 O t ,I' , rt-q i~ r#Meri .

Pro..,.-.:



I.ine Cim #nits Battalion Headquarters

Small Unit FTX Battalion Level FTX

Battalion Level FTX Multiechelin ARTEP

Multtechelon ARTEP Tactical Exercise Without Troops

Mission Training Command Post Exercise

Garrison Training Missio n Training

Heavy Mortar Plat.)on Other Platoons. Teams

Plation Field Training Platnon/Team Field Training

Battalion Lovel FTX Battaliin L.evel FTX

Multiechelon ARTEP Multiechelon ARTFP

Mission Tra.ning Mission Training

Garrison Training Carrison Training

Table 2. Type Training Days By Trai:ing Unit

Other training inlts within the hatta'lion wiih must be addressed .e
the antlarmor and sout platoons anl the Redeve and ground surveillance
teams. Their training time requirements are determined using the same
type days shown for the heavy mortar platoon except their unique type
training days replace those of the mortar platoon unique days.

Days allocated for the "command post exercise" and "tactical exercise
without troops" are excluded from the line crmpanies" time requirements he-

ra-se this type training Involves only a limited number of key company per-

sonnel and could be scheduled either during a low priority training period

or when the majority of tl, e company is involved in garrison training. rUs,
these two exercises generally to not -, pete for scheiuled unit time an,i
are not included as a company req.iirer eot per %e.

Commander's Dve',e :,t f Requirements

The fol'owing dlsr-uqsion address;es '1(w t~e battalion c, mtmanier ciould

tailor the descriptive traiing relirev:tts re, mmended for an average
hattslion t- meet his specific need s. 7he tat: ring is ,rimaril'.v base !

on pr1fs.inal lidgmont and litq , st P resultq. AdIustmentq t- t' e

frequencies, time durat cns, ,r '1 a, 'V ro,i Irments associated with a, I

the recomnended drill and miss t r, pri r t aggregating them. intn t vf'

ii,
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'a.
a.

' training days can be made. For example, the commander could increlse the
% recommended annual frequency of the company fire and maneuver battle drill

from 4 to 5 for each of his three companies. He could leave unchanged the
recommended time duration of the drill and the ammunition requirements
which are identified by cost per repetition and by number of type rounds by
t pe weapon.

Time Deta

After reviewing the recommended drills and missions for desired adjust-
ments, the battalion comander could then aggregate this training into
type training days. For example, if conduct of the company fire and maneu-
ver battle drill required 1 1/2 days, and there was a requirement of 5
repetitions per company the total requirement could be expressed as 7.5
small unit FTX days for each company. A notional formulation of a battal-
ion's training program appears in Table 3.

a.,
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Battalion Hoid.Tiarters Days A Co-L.Inv

Battalion Level FTX 26 Small Unit FTX 1
Multiechelon ARTEP 6 Battalion Level FTX 26

Tactical Exercise Without Multiechelon ARTEP 6

Troops 6 Mission Training 10

Command Post Exercise 4 Garrison Training 21

Mission Training 8 F2
50

B Company C Company

1.1

Small Unit FTX 18 Small Unit FTX 17

Battalion Level rx 26 Battalion Level FTX 26

Multiechelon ARTEP 6 Multiechelon ARTEP 6

Mission Training 10 Mission Training 10

Carrisdn Training 20 Garrison Training 21

80 F0

Heavy Mortar Platoon Antiarior Platoon

Platoon FTeld raining 15 Platoon Field Training 13

Battalion Level FTX 26 Battalion Level FTX 26

Multiechelon ARTEP 6 Multiechelon ARTEP 6

Mission Training 10 Mission Training 10

CGarrison Training 24 Garrison Training 18

81 73

Scout Platoon REDoYE Team

Platoon Field Train- Team Field Train-

ing 12 ing 14
Battalion Level FTX 26 Battalion Level FTX 26

Multiechelon ARTEP 6 Multiechelon ARTEP 6

Mission Training 10 Mission Training 10

Garri3on Training 25 Carrison Training 18

79 74

-;SR Team

Platoon/T eam Field Tain

Training 11
Battalion Level FTX 26

Multiechelon ARTEP 6

Mission Training 10

Garrison Training 19
72

|L

Table 3. Training 'rime Require-ients (Notional)
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After an estimation of time requirements is made, a determination of
whether the program as planned can be executed within the available resevoir
of training time is required. If necessary, training time resources can be
transferred among training units. For example, if the line companies have
high requirements, training time could be transferred from the combat sup-
port platoons to the line companies which may have lower requirements.

* This is accomplished by assigning to the combat support platoons a dispro-
* portionate share of non-training tasks, thus, releasing additional training

time for the line companies. Situations may exist where an imbalance of
Itraining time requirements and training time resources is so great that a

cross-leveling of training time resources within the battalion cannot
totally compensate for the shortfall in available training time. This be-
comes a problem for the immediate local chain of comand.

Dollar Data

The determination of dollar costs using the battle drill-type
training days concept is explained below. Central to the explanation is
an understanding of the dollar costs associated with training. The
majority of these costs are incurred for supply, Classes III (petroleum
products), V (ammunition), and IX (spare parts) attributable to field
training. Expenses such as the cost of computer time for computer assisted
war games used in command post exercises, batteries for the M70 TOW trainer,

etc. are categorized as "other costs".

Thus, for the purpose of the following discussion, the types of cost
1", Are categorized as Class Ill/IX, Class V, and others. The Classes III and

IX costs are consolidated because they are both dependent on equipment
usage rates. The three cost categories are addressed separately below.

Class Ill/IX Costs

The Class Ill/IX costs, which are dependent upon equipment usage rates,
" are based upon the number of the different type training days scheduled in

the battalion's adjusted training program. As noted earlier, the different
type training days embrace training activities which have generally similar
equip-ent usage reqirements. Thus, equipment requirements would be rela-
tivoly similar for different small unit FTX days, while there would be
significant differences between the average equipment requirements for a

small unit FTX day and battalion level FTX day.

The cost of each of the different type d3ys could be computed by apply-
ing equipment cost factors to the equipment usage rate associated with each

V. 14 type training day.* Installation/ division unique cost factors and equip-
ment usage rates should be used to ensure reliability of cost estimates

The equipment usage data should be based on the equipment identified as
cost sensitive in the FORSCOM training management control svstem (MCS).

* S x mile x FTX days -$

mile FTY day

0-7
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Equipment usage data for the garrison training day is treated in a-
different manner. Generally, garrison training does not involve equipment
which generates significant costs; however, there may be isolated training
drills which do. Recall that all training drill activities are limited to
garrison training days. If there are training drill sensitive costs, it
would be inappropriate to associate these with all garrison training days.
The average cost per garrison day would be inflated resulting in grossly
inaccurate estimates of garrison training day costs. Thus, for the purpose
of identifying Class Ill/IX costs related to garrison training, it is
necessary to review all the training drills to identify any having signifi-
cant cost-sensitive equipment usage. Any that are so identified are
further examined to determine the practicality of grouping them into sub-
sets of garrison days having similar equipment usage requirements. The
subsets would then be treated separately (as are types of field training
days) for estimating class ITI/IX costs of garrison training.

Historical data relating to equipment usage rates should be used to
estimate costs of an adjusted program for comparison with the established
dollar ceiling; however, actual usage data should be used to record costs
during program execution. For the program comparison, a continuously
adjusted average, rate of equipment utilization is used for each type day.
This adjusted average rate could be computed from historical data from the
previous three to five years. During the execution cycle, actual usage
data should be collected at the completion of any logical sequence of a
given type training day. The usage data for that particular sequence of days
could be used to compute a revised cost for those specific days. The re-
vised cost could be compared with the planned cost and if necessary, t e
unexecuted portion of the program could be adjusted accordingly. Addition-

ally, the actual usage data which should be collected could feed the data
base for updating the aforementioned adjusted average.

The Class Ill/IX cost estimate related to the battalion's proposed
field training program, as identified in Table 3, would be based on an
average factor which lays out cost per type field training day. The factor
would be a function of the multiyear average of equipment usage by type

training day and appropriate, equipment operating cost factors (e.g., cost
per mile). The training days of a common type would be grouped together to
facilitate the computational effort as shown in Table 4. For example, Ccr-
pany A's, B's, and C's small unit FTX day requirements of 18, 18, and 17
days , respectively, would be listed as 53 small unit FTX days.

4
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Type Field Training Day Number of Days Cost/day Cost

Battalion Level FTX 26 X $5,700 - $148,200

Small Unit FTX 53 X 920 - 48,760

Tactical Exercise Without

Troops 6 X 300 - 1,800

Command Post Exercise 4 X 520 - 2,080

Heavy Mortar Platoon Field Train-
ing 15 X 280 - 4,200

Antiarmor Platoon Field Train-
ing 13 X 120 - 1,560

Scout Platoon Field Training 12 X 350 - 4,200

Redeye Team Field Training 14 X 110 - 1,540

GSR Team Field Training 11 X 180 - 1,980

Mission Training 10 X 400 - 4,000

Multiechelon ARTEP 6 X 7,000 - 42,000

$260.320

Table 4. Field Training Day Cost Estimate

(Cost/day based on actual data; all
other columns are notional)

Class V Costs

The battalion commander should estimate the cost of Class V requirements
for his proposed training program to determine if it falls within his allo-
cations. The estimated Class V cost of the proposed program should be based on
the training activities planned in the program. The Class V cost estimate
for a battalion's proposed training program could be developed in the same
manner as the Class Ill/IX costs of garrison training. These costs should
be based on the training activity itself not the type of training days be-
cause Class V varies drastically from training event to training event. Al-
though an average ammunition cost per small unit !TX day could be computed,
use of average costs would produce unacceptable results. For example, cost
estimates would be grossly overstated for those days dedicated to battle

0-9
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drills having no ammunition requirements. Therefore, Class V costs should
be computed on a training activity rather than training day basis.

When developing the cost estimates, drills and missions having similar
requirements should be grouped together. The cost for each drill and mis-
sion or group of drills and missions should be estimated using a three to
five year moving average technique.

During the execution of the training program, actual ammunition expen-
ditures should be recorded. The collection of the actual expenditure
data should be a relatively simple matter once the automated, training
ammunition management information system is fully implemented. This
should be used by the battalion commander for two primary purposes.

First, he should match his actual expenditures against his projec-

tions. If the recheck reveals an imbalance, the battalion commander may
have to make adjustments to his training plan by reducing consumption in
some future drills. Alternatively, he could appeal to brigade or division
to increase his ammunition dollar ceiling. On the other hand if his
expenditures were lower than planned, he could reduce his Class V
requirement. This action could permit a cross-leveling of ammunition
allocations within the brigade or division.

The second use for the actual expenditure data would be to update the
historical data base on class V consumption. Since the data base should
serve as the information source for computing the training ammunition pro-
jections mentioned earlier, the effect would be an update of the consump-
tion factors. Additionally, the data base could be used by institutional
trainers to validate the ammunition requirements associated with each
drill or mission.

It should be noted that cross-leveling Class V dollars with other
elements of expense is not feasible. While the "other than Class V"
dollars are budget dollars, those associated with the Class V are not.
The Class V dollar ceiling is a management tool to control the expenditure
of training ammunition. The dollar figure acts as a common denoninator
which provides local commanders the flexibility to make constrained
adjustments to their ammunition allocations. The actual budget dollars
related to the ammunition were in a procurement budget several years

prior, and funds cannot be transferred from ammunition to some other
category.

Consider the adjustments to the recommended program in the example.
It was noted that the commander increased the company fire and maneuver
battle drills from 3 to 4 for each of his three companies. This change
would have the following impact. Each drill is related to a notional
Class V cost of $19,098. Therefore, the commander would either have to
reduce ammunition related to other drills by $57,294 (3 X $19,098) or,
he could request an additional allowance from brigade/division. For te
this discussion, assume the commander decremented other drilU$ to
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accommodate the adjustment to the company fire and maneuver drill, thus
remaining within his allocated ceiling of $526,000.

Other Costs

The other costs are those which fall outside the categories of Class
lIl/IX or Class V. This set of "other costs" consists of two distinct
subsets. One subset , while training induced, cannot be tied to any
specific drill or mission. This subset of costs would be relatively
stable over a wide range of training alternatives. That is, the total
cost would not be affected significantly by adjustments to the training
program. This subset of costs could be related to the total (training and
non-training dependent) Class II/IV costs incurred by the battalion. This
total cost has historically been estimated on an authorized or assigned
man-day strength basis. Thus, the value of the training related portion
would remain constant over a wide range of training alternatives. For the
example assume the training related portion of these relatively fixed costs
to be $34,000.

The second subset of "other costs" are attributable to a limited num-
ber of specific training drills. A detailed review of each of the train-
ing drills should be made to identify significant dollar costs. The re-
suiting cost factors would be installation/division dependent to enhance
the reliability of cost estimates.

Some other costs identified with particular training drills are a com-
bination of fixed and variable costs. The fixed portion of the cost is
not affected by the number of repetitions of the particular drill. On the
other hand, the variable portion of the cost varies with changes in
frequency. The training drill cost associated with moving target simula-
tor (MTS) training Redeye teams is an example of such a mixed cost. A
cost can be related to each repetition of an MTS training drill. Addi-

-, tionally, there is a cost which remains stable (fixed) over a wide range
of repetitions of MTS training drills. An example of the fixed cost is
the cost of augmentation personnel dedicated to the operation of the MTS.
The combined fixed and variable cost of a given number of frequencies of
the MTS training drill should be computed as Y = b + a X where Y is the
total cost, b is fixed cost, a is the variable cost, and X is the
frequency of repetition. Any "other costs" found to be a mix of fixed and
variable costs should be computed in the same manner. For the example

rv used in this discussion assume the total fixed portion of this subset of
"other costs" to be $21,000, while the variable portion is $30,000.

Analysis of the Commander's Adjusted Program

e VThe battalion commander's analysis of his adjusted program should
address both time and dollar requirements. The detailed time data should
be reviewed to determine if the program is executable within the amount

0 1
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of training time available to the battalion. The same data should be-used
by training managers at brigade and division for allocating time among the
units under their managerial control. Since the data is related to tgain-
ing area requirements, the data is of value in scheduling training facili-
ties and areas.

The dollar data can be summarized in a number of ways depending upon
its intended use. The Table 5 is one useful means of making cost
comparisons by category of training.

Field Training $260,320 (See Table 4)

Garrison Training 51,000 (See Page 11)

Unrelated Training 34,000 (See Page 10)

Total Training Cost $345,320

Table 5. Cost of Training by General Category (Notional)

To address the impact of increments and decrements to a battalion's
training allocation, a display of fixed and variable costs should be use-
ful. Such a display appears in Table 6.

Fixed Costs

Unrelated to Training Activity = $34,000

Fixed Portion of Garrison
Training - 21,000

55,000

Variable Costs

Field Training - $260,320

Varible Portion of Garrison Training - 30,000

290,320

Total Cost: - $345,320

Table 6. Fixed and Variable Costs (Notional)

The battAlion commander's analysis of his adjusted training program
ing program should include a comparison of his adjusted ammunition

0-12
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requirements with the Class V ceiling allocated by higher headquarters.
In the example, the adjusted requirement was equal to the established
ceiling. If the adjustment caused the cost to exceed the ceiling, the
commander could request an additional allocation or reduce his require-
ments by readjusting the drills/missions. On the other hand, any unneeded

portion of his Class V allocation should be identified to allow cross-
leveling within the brigade/division.

Summary

Through use of BTM outputs, a training program could be developed

which is tailored to a battalion training readiness level and personnel
conditions. The program would be a combination of training drills, battle

drills, and ARTEP missions grouped into a set of training days. Addition-
ally, the BTM could estimate the cost to conduct the training identified
in the recommended program.

The program should be prescriptive for justifying resource requirements;
however, it must be descriptive for execution by the battalion commander. He
must be free to make adjustments to the recommended program as long as he

does not exceed the dollar ceilngs established for Class V and Program 2
Mission funds and meets his readiness standard. Thus, the battalion comman-
der should estimate the cost of his desired program to ensure it can be ex-
ecuted within the imposed dollar constraints. Additionally, the commander
must determine whether his adjusted program can be accommodated within the
time allocated for training.

Resource Justification/Allocation

The second stated purpose of this annex is to address the manner in
which the BTM outputs can be used for resource Justification and as a guide
for resource allocation at different levels of command. The discussion will

focus on rolling up the BTM developed field training programs for managerial
use at echelons from battalion through DA. The numbers used in the following

examples are strictly notional and should not be interpreted as a reflection
of any actual situation.

The BTM is designed to establish precise training resource requirements
for type battalions in terms of drills and missions. The requirements are

tailored for the training readiness requirement (e. g., Bn-5) of the
battalion as well as its personnel conditions. The mix of drills and
missions is aggregated into a fixed set of type training days. By applying
installation/division dependent, cost/type day factors, the BTM estimates

the resource requirements. The notional training program for a Mechanized
Infantry battalion with a training readiness level of Bn-5 and with

specified levels of turbulence, officer/NCO fill, and not present for
training strength is displayed in Table 7.

0-13
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The battalion level FTX cost/day is used as a comon denorpinator to -on-
vert the total cost related to each type day into a $ battalion field train-
ing day ($BFTD) which should be used as the medium of exchange for making
adjustments to the recommended program. In this example, the battalion has
been funded for 68.8 $BFTDs @ $5,700 per day. The battalion commander
should not be required to allocate those 68.8 $BFTDS in the recommended man-
er. He should make adjustments to the program as he deems necessary based
upon his professional judgement, diagnostic ARTEP results, and other per-
tinent considerations. Theoretically, he could make adjustments that would
result in the purchase of:

1. 68.8 battalion level FTX days

or 2. 426 small unit FTX days

or 3. 56 multiechelon ARTEP days

or 4. Any combination that would cost less than or equal his dollar ceiling
~~..a522z.

" V & NOTIONAL DATA

Type Field '.1-00

Training Day No. of Days Cost/Day Cost $BFTD

Battalion Level FTX 40 x $5,700 - $228,000 40

Small Unit FTX 90 x 920 - 82,800 14.53

Tactical Exercises Without 6 x 300 - 1,800 .32
Troops

Command Post Exercise 4 x 520 - 2,080 .36

Heavy Mortar Platoon Field

Training 31 x 280 - 8,680 1.52

Antarmor Platoon Field 30 x 120 - 3,600 .63
Training

Scout Platoon Field Training 28 x 350 - 9,00.

REDEYE Team Field Training 22 x 110 - 2,420

GSR Team Field Training 20 x IRO - 3,600

Mission Training 18 x 400 = 7,200 1.2A

ARTEP Diagnostic 6 x 7,nO0 - 42, 30 0.0
i ~ ~~S392K --.

Table 7. BTM qenerated Field Training Rfire"ens fr q Dirt4 ';Ir
Mechanized Infantry Battill'n rT"'\>
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Assume that the BT determined the requirements for a tank battalion in
the same division to be as displayed in Table 8. The battaliw would be
funded for 69.2 $BFTDs at $7,100 per day for a total ceiling of $491K. The
drills/missions related to the number/type of training days are shown in
Table 8.

" -NOTIONAL DATA
' A

Type Field
Training Day No. of Days Cost/Day Cost $BFTD

Battalion Level FTX 42 x $ 7,100 - $298,200 42

Small Unit FTX 95 X 1,100 - 104,500 14.72

Tactical Exercise Without 5 x 300 - 1,500 .21
Troops

Command Post Exercise 4 x 520 - 2,080 .29

Heavy Mortar Platoon 39 x 270 - 10,530 1.48
Field Training

Scout Platoon Field 33 x 350 - 11,550 1.63
Training

Redeye Team Field 22 x 110 - 2,420 .34
Training

GSR Team Field Training 20 x 180 - 3,600 .51

Mission rraining 18 x 500 - 9,000 1.27

- Multiechelon ARTFP 6 x 8,000 = 48,000 6.76

$4911 69.2

Ta',- I . BT Generated Field Training Requirements for a Particular Armor

Battalion. (NOTIONAL)

As with the Mechanized Infantry battalion, the Arrcr battalion rcimnander
,-n'll make adj'iqtments to the program as long is his adjustment- dil not
ex.eed the ceiling f S491K.

1he field training reruilremo,,ts fnr all Infantry and Armir battalns

of the parent Merhanized Infantrv d1-.,i ,- .'ild he expressed is s " wn in

Table 9. The nu-b-ar of SBFTDs requir.d different battalii n; ,f a Ki.'en

'27 %,.-



t :e wit",in the division uld be Jit f o cit based v a ,!Iff,,rence of
,,ssigncd traIinno readiness levels. For exArnple, the Sth Mechanize, In-"
fantry battalion could be assigned a lin-1. and the 3d bit a' ton assig :!
a level of go-5; thus, the 3d battalin sl,uld have to maintain a
higher level of sustainment training which would generate 3 greater require-
ment for $BFTDs.

00C Ro-,i red krmiber
Type BattalIDa of SBFTDs Cc-!t Per SBFTD'

st Mechanized Infantry Battalion 68. .5, '00

2 Mechanized Infantry Battalion 67.1 5, 70l

3d Mechanized Infantry Battalion 70.1 5,7rIn

4th Mechanized Infantry Battalion 60. A sI

5th Mechanized Infantry Battalion 65.6 5,700

1st Armor Battalion 69.2 7, 10n

2d Armor Battalion 72.6 7 ,00

3d Aimor Battalion 69.2 7,100

4th Armor Battalion 75.3 7,100

Table 9. Mechanized Infantry Division's Field Training Requiremnts
(Nlt iona I)

Even if all battalions of a given type within the division were assigne
the same readiness level, the battalions could still have different SBFTD
requirements. Training programs adequate to maintain different battallons
at a given readiness level are dependent on unit personnel conditlins.
Thus, the 3d Mechanized Infantry battalion could have a greater $BFTD re-
quirement because its higher level of turbulence required a higher frequ-
ency of training.

For con-mnicating a division's requirements t- the majr commani
(MACOM), the battalions' requirerents can be rolled tp into a divlsin re-
q'Itre7ent. For example, the di.'I t~ns r.quirements displaved in Tabl Q
could be expressed as: 626.7 $BFTDs S6,34,1/dav for a total funding re-
quirement of $3,973,27P. A recapitulation of a MACOM's requirements nriht
appear as In Table 10.

or
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,:" Fund ingUitRequired Number Cost per Feuirng

niTyeof SBFTD* M L

Diviston A Mech Inf 626.7 $6,340 $3,973

ivision B 4ech Inf 650.5 5,500 3,578

rVivisi'n C Armor 645.0 7,150 4,612

Division D Armor 661.5 6,873 4,546

Table 10. MACOH Field Training Requirements
(Not ional)

The number of $BFTDs required by similar divisions would probably be dif-
ferent because of different readiness levels, personnel conditions, or a
combination of the two. Additionally, the different cost/$BFTD could be
:aused by the fact that one division has newer equipment than the other
Iihch results in a lower cost per mile to operate. A difference in cost/
SBFTD could also be caused by the fact one division's training areas are
considerably closer to its cantonment area than the other. This could
cause a difference is average equipment usage rates which is related to the
-.nst/SBFTD.

h e MACOM's requirements might be rolled-up allowing DA to express
its requirements as shown in Table 11. In communicating to OSD or the
Congress, the Army-wide figures could be used, while the MACOM dependent
values would be used for coordination with the MACOM9.

Funding
Required Number Cost per Requirement

MAC cM of $BFTD $BFTD _m

MAcrlM 1 2,583.7 $6,467 $16,711

MACOM 2 3,816.1 7,500 28,619

Ar-v-',ide 6,400.0 7,083 45,330

* Table 11. Army-Wide Field Training Requirements. (Notional)

The Army requirement for 6,400 $BFTDs does not reflect a need for all the
Army's battalions to spend a total of 6,400 days in the field. It does
represent, however, the density of drill/mission training requirements of
the Army's battalions tied to a dollar base. Thus, by knowing the cost/
SSFTD, a macrn assessment of the impact of a funding shortfall could be
made. Consider, for example, an OSP proposed $6.8 million cut to the
Army's unit training program. Based on the average cost of $7,083/$BFTD

0-17
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(T .b e II9, the cut in tunds tranlat s 1iL , . 9 F h TI , u~t n
Arm'vs total requir,,ment for S40 A S.FTDs. DA :."Ud split thc 9' .S
reduction between the two MALOMs based upon i MA( OM' s pere!a, I t

total SBFTD requirement. SIr.e ACOM I's req Iremnnt for 2,
reptesents 40% of the Army-wide t )tal f I FT' 's, 'ACC' ' -..
388 $BFTD's (or $2,50q,196) and MACOM 2 would lose the remain -i '
$BFTD3.

The MACOMs could use the same process to all-at,, t'e in! i.d.,d .F.-
to their subordinate commands. Table 12 is a s u-iarv of v i t- .
bv MACOM 1. The MACOM's 388 unfunded SBFTDs are distributed prport-
ally among the divisions according to their percentage of the M.A('i i'b
$BFTD requirement. Thus, for Division A: 24.27 of 388 = 9-..1 nfuniA

SBFTDs (coli.nn 5) is the difference betwee the requircment listed in

column 2 and the unfunded SBFTDs allocated in columwn 4.

Required % of MACOM N rber of : rr C
Number Total $BFTD Unfunded of FunIUJ

Unit of $BFTDs Requirement $BFTDs BFTDs

" Division A 626.7 24.2 9..l 532.

Division B 650.5 25.2 97.7 5 .

Division C 645.0 25.0 96.9 548.l

T)iviqion D 661.5 25.6 99.3 52.2 1
2583.7 1001 388 2195.7

Table 12. MACOM l's Distribution of Unfunded SBFTls.

(Notional)

The 388 $BFTD cut to MACOM 1, which equates to S2,509,1q6, ,'
result in an actual loss of more or less than 388 SBFTDs depcnding up-n
the way the cut was applied to the requirements of the four divislons.

The actual loss of $BFTDs would be less than 388 if a dispr portlonnte
share of the 388 $BFTDs were withdrawn from divisions with clst per 7'

less than the MACOM average of $6,467. Huwever, the avLrage of 3 ', w,;, i
be relatively vqlid for Pn initial, macro assessment at DA level until t,
detailed analysis is formulated by the subordinate comnands and
consolidated at DA as discussed below.

Continuing with the example, assume MACOM I elected to cit its di:i-
sions as shown in Table 12. Division A's reduction of 94.1 .BFTD- wod
result in a funding shortfall of $596,594 (94.1 SBFTDs X $(,340 pt-r 'B kL)

0-1 8
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'.ijitoo A 'oull repeat .he process iesc-ribeL abnve with respect to i's
-t-iion requirements disp.aved in Table 9. As a result ..f vtat;n A's
atlon, the let Armor Battalion would be funded for only 9.4 SBFTDs rather
than fcr its B.N determined requirement for ,Q.2 SBFT~o. The battalior.
- -,,ander wouli then have to readlust his proposed trainlii program so

.at it oud be conducted within the funded level of '8. SPF7rs. Ad .i-
t-onallv, the fundtng shortfall at battalion level c,) ld be related to a
reducct in in specific battle drill activitv whIch In t trn wou!.d be ass r I-
,tel with a redued levp! .,f sustainment training. 71ut., w1hile the
battalion :o uld be assigned a readiness leve' if Br-S; however, a f nd-ng
soortfall could cause the battalion to be able to only sustain a readiness
!>vel of Bn- l . The changes in readiness of all battali-ns -,ould be deter-
mined by the BTM In a similar manner. DA would than be in a position to

%F. express the effect of the S6.9 million shortfall in terms of reduced unit
realiness. For examsple, MA('OM 1: ten Armor battalions , Bn-' to Bn-lI,
five Arrmor battalinns, Hn-l to Bn-lO, twelve .Mechanized Infantry battali-ns
Bn-l to Bn-1O. The effect on MACOM 2 could be expressed in a similar man-

-. ner. Relating resources to readiness in this way should ba a useful step
tward the ,ustification and allocation of the resource cost of training.

P.
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ANNEX P

CONCEPTS ANALYSIS AGENCY COMMENTS

I. This annex consists of the paper prepared by Concepts Analysis Agency
(CAA) regarding future direction for the Battalion Training Model. This
thoughtful paper, together with the TRASANA paper on the same subject
(Annex Q) provides a starting point for future developzent.

2. The following additional comments are appropriate:

a. Future Development. The apparent commonality between BTh and
certain CAA efforts emphasizes the desirability of CAA becoming proponent

for the research version of the BTi. (See Chapter V, this volume)

b. Management. Although the need for a single proponent is strong,
the argument for spheres of responsibility split along functional lines
betwen CAA and TRASANA is stronger. It appears that proponency and
management authority should rest with DA, DCSOPS. CAA could be
responsible for the research version and TRASANA seems best oriented to
the unit version of the B1n. The DCSOPS role must be one of active

*management and strong control to maintain commonality.

c. Focus. Recommend further study to determine the need for
division, corps, and KACOM versions of the model.is

isP
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Comments on ARTS Directions

1. Future Development

a. Most of ARTS attention seems to have been directed to the
battalion level. Next it is necessary to determine how data input to and
output from the Battalion Training Model (BIN) can be aggregated and used
to prepare management reports. But first you must determine the
informational needs of managers at DA, MACOM, and perhaps CORPS level by a
research effort. Then two things should be done.

, (1) Be sure that inputs required of battalion commanders reflect not
only their needs but also the information needed to generate reports to
DA, MACOM, etc.

(2) Be sure the BTM will produce outputs which are useful to
echelons above battalion. Aggregating and preprocessing the data from all
battalion commanders can generate useful management reports on conditions

* existing or perceived in the field. The BTM could be run for each
% battalion and the results provided to the unit commander. Also, the

results of all BTM runs could again be aggregated to produce consolidated
management reports. Figure I depicts the process. Also, refinement of
the algorithms and testing of the assumptions of the BTM must be
undertaken.

b. There is an apparent relationship between the ARTS system and the
Readiness System developed at CAA. Recomrmend discussion with Mr. Gordon
Barry, CAA 295-1595 (AUTOVON or commercial). Decisions on interfacing
with Readiness, OMNIBUS, or other systems needs to be made prior to final

design of BTM.

2. Management

a. A full time staff dedicated to BIN would be required. By way of

b&.P. comparison (admittedly not a good one), it takes about 20 people to
maintain, update, provide input, run, and interpret the results of the
Concepts Evaluation Model (CEM), a primary theater level combat model.

b. A life cycle management process for the BTM should be establish-
'" ed. This would include the typical fuictions of model development (a

continuing project to improve the model), establishing and controlling a
production version of BTM (to be updated as required), and operation of

the model.

P-2
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c. The BTh should be controlled so that there is only one production
version of the model (i.e., only authorized persons can make changes to
it). This will minimize the probability that someone will adjust the
model to yield results more (or less) favorable to a special interest.

d. If the BTM is to be an Army-wide model for use in decision making
by all echelons from battalion, thru MACOM's to DA, then a proponent
should be established carefully. Ideally the model proponent should not
be a party with a vested interest in the model results.

3. Focus. The model was conceived as a battalion level model. It should
remain that way, otherwise a battalion model, a division model, corps
model...(ad nauseum) will result. It is reasonable to assume that with
proper thought to input requirements and output reports, the BTM (a single
model) could serve the needs for all echelons. (See previous discussion

on future development, including Figure 1.)

4. Technology

a. Because of size, complexity, and importance of the model, it is
imperative that the final model be designed, constructed, and documented
using the latest techniques (i.e., structured design and structured
programing). Failure to do so will make maintenance of the model
difficult-to-impossible as time goes on and rotation of personnel
elLminates the "corporate memory."

b. How to make BTM available to the battalion commander is not
clear. Two approaches (at opposite extremes) are described.

(1) Have BTM resident and operating at only one location (say the
basement of the Pentagon). Through a world-wide communication system the
users are data-linked to the computer center where their inputs are
processed and outputs are reported back. An advantage of this approach is

that inputs and outputs can be accumulated easily and directly for
processing management reports.

(2) Give each battalion commander a minicomputer or microcomputer
with the BT4 hardwired in it. He can run the model whenever and as many
times as he wishes.

c. Project VIABLE, under the auspices of the Army Automation
Director (AAD), is pointed toward creation of a multicommand system of
small computers interfaced via data communications. ARTS may be able to
utilize this environment to obtain distributed processing at the battalion
level.

P-3
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5. Data Control

a. Recommend establishing a Data Administrator. This p,.rson woutld
be responsible for, and the focus for acquisition of, all data, updating
data on a regular basis, assuring quality of the data, and controlling any
automated data bases.

b. Three kinds of data seem to exist.

(1) Input Data for Processing. These are the raw data from the
field which are acted upon by BTM and also are the basis for management

reports.

(2) Output Data. These results are from BTH processing and are
i bases for other management reports.

(3) Model Data. These data are used to compute the many

coefficients of the algorithms in the BTM. These data probably change
.r %:over time and need to be updated and analyzed to recompute model

coefficients so the BTM is always "current."

c. Any data coming in should be tested and subjected to quality

assurance checks. This can avoid senseless data and spot obvious errors,

thereby improving the validity of model results.

d. As BTM becomes institutionalized, the need to improve and expand

the model will require research and associated data. In many cases, d -a

will not exist, and special projects will be necessary to generate data by

designing experiments, conducting tests, and collecting data. These can

be both costly and time consuming. If not carefully conceived and

executed, they also can be worthless.

6. Data Base Technology

a. The data does not appear to be a major technical problem. While

it may be voluminous, it does not have complex relationships, and use of a

sophisticated Data Base Management System (DBMS) should be weighed

carefully as it may place an unnecessary burden on computer resources.

Conventional retrieval methods or a file management system could perhaps

suffice.

b. The first step in using a data base is to develop a data

dictionary. It is advisable to do this before a decision is made on use

of a DBMS since it will clarify data relationships, a useful exercise

regardless of the final decision.

P-4
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-* c. If after the possible alternatives have been considered it is
still deemed necessary to use a DBMS, then it is strongly recommended that
a CODASYL system be selected. By this is meant a DBMS which conforms to
the specifications approved by the Conference on Data Systems languages;
since at least one such DBMS has been developed for use on equipment from
each of the major computer manufacturers, this provides for easier
transportability of data bases.

d. If it is not possible to define all potential uses at the initial
stage, the data is best maintained in source format rather than, or in
addition to, a transformed or "rolled-up" state.

e. An audit trail of use of the system could prove very meaningful.
Therefore, the system should be designed to capture and store use
statistics, as well as changes to the data base itself.

f. A brief bibliography on data base management is provided at
Inclosure.

..
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ANNEX Q

TRADOC SYSTEMS ANALYSIS ACTIVITY COMMENTS

I. This annex contains the TRADOC Systems AMalysis Activity (TRASANA)
input and recommendation for future development. This thorough document,
together with the CAA input (AMnex P) provides a starting point for future
development.

2. The following additional comments are appropriate:

a. Life Cycle Management Concept. Input data requirements could
become burdensome on units. Every effort must be extended to minimize
that burden. In addition, the model must be of significant value to the
units to ensure they receive some "payback" for the data effort they put
into it.

b. Life Cycle Management Implementation. The potential uses of the
BTM apply across the Army to all MACOM's and to DA. To ensure all user

... ~ needs are satisfied, ARTS believes that DA, DCSOPS should be designated
proponent with analytical and modeling responsibility given to CAA and
TRASANA. The CAA effort should address the research and major
headquarters users of the model. TRASANA is best suited to develop the
BTM version for use by field units. This split responsibility can work

Ne. only through strong and active participation by the proponent.

WN
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4.

% I. PURPOSE

To recommend follow-on efforts necessary and estimate resources
required to bring the ARTS Long-Term Methodology to full fruition.

2. BACKGROUND

Both the ARTS group at Fort Belvoir and TRASANA have been working
toward developing a Long-Term Methodology (LTM) that would enable the
Army to periodically ask and receive quantitative answrs to training-
-related questions involving programs, resources used, turbulence impacts,
training readiness attained, training scheduling, etc. The ARTS group at
Fort Belvoir has approached the problem via an adaptation of goal
programming techniques. In its present version, this tool is focused on
structuring, sizing, formatting, and packaging a battalion level training
management tool that would provide a Battalion Commander information and
techniques to help him manage his training program and simultaneously
create a data base that higher echelons can exploit in managing training.
This tool, with minor modifications, could be repackaged to assist in
training management up to division level and down to platoon level. The
two approaches are complementary and, taken together as the LTM, from the
top and bottom of a hierarchy of models/tools and required to provide
accurate information on training-related questions and thereby assist the
total Army in its training mission.

3. SCOPE

This paper addresses the efforts needed and estimates the resources
required to carry forth the development of a long-term methodology for
providing the Army with a consistent and meaningful technique to quantify
training-related questions on a regular basis. The efforts are addressed
in terms of a life-cycle management concept and a life-cycle management
implementation that contains the initial steps in a management system for
the LTM and a chart contains estimates of resources and time for
implementation.

4. LIFE CYCLE MANAGEMENT CONCEPT

The ARTS Study Group has established the existence of a diverse and

disparate set of Army elements whose training or training support mission
is jeopardized by a lack of training-related information that is timely
and appropriately integrated and formatted. Hierarchally, these elements
run the gamut from DA staff to unit platoon leaders. Each element
requires related but different Information about training-related matters,

i.e., information specifically integrated and related to its own
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enironment and goals. his universal, recurring, changing need for
timely, specific training-related information is the driving requirement
behind the life cycle management concept for the ARTS long-term
methodology. The concept envisioned is one that will create and
institutionalize a management system that continually oversees and
provides for the following activities:

a. Identification of all specific elements of the heirarchy of users
of training-related information and provision for a forum in which
specific information requirements can be brought forth for further
actions.

b. Coordination and integration of information requirements into a
hierarchy of models (or different ways of soldierizing/packaging
essentially the same model).

c. Orderly development of the models/tools that will satisfy the
information requirements ensuring maximal of data transfers between models
in either direction in the hierarchy.

d. Recommendation/assignment of responsibilities for the
development, maintenance, proliferation, and control of each model/package r

and its associated data base.

e. Coordination of hardware requirements, ensuring maximal
compatibility practicable.

f. Maintenance of a historical/archival file containing records of
all appropriate matters related to the management system, i.e.:

• Users

* Information requirements

• Hardware by user/model

* Software developers

• Software documentation

* Software by user/model version

* Recommendations/Decisions
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5. LIFE CYCLE MANAGFMENT IMPLFMEN7ATION

.- Within the Army, there are a number of major structures and agenEies

having a vested interest in the development and implementation of the LTM.

To assure that each interest is fully considered, it is recommended that

an advisory group be established with representation from each interested

agency. It appears that TRADOC has a compelling interest in the

development and implementation of a LTM by virtue of its overall mission

and therefore, it is assumed that TRADOC could be given proponency for the

LTH. This implies that the advisory group would be chaired by the DCST,

HQ TRADOC. As a first step, the chairman should establish the membership 4

from the major Army structures and agencies having vested interests. The

members should then draw up a charter incorporating items a through f
under paragraph 4. Execution of the charter should then set in motion the
events necessary to fully develop and exploit the ARTS prototype products.

The attached chart contains the resources and time estimated to develop,

proliferate, and maintain a family of software packages. The chart is

constructed under the assumption that the user requirements can be

-. stratified at essentially three levels which will, in turn, dictate the

packaging and hardward requirements of the different members of the

" software family.

.-

A
-.

'Q.

m%

"i~sl.k%



il
LONG-TERM METHODOLOGY

RESOURCE AND) TIME ESTIMATES

MAJOR MODEL BREAKOUT BY USER REQUIREMENT/PACKAGING

PLATOON DIViSION CORPS-THEATER ARMY-WIDE

Hardware $50K Mini-System Terminal + I/0 Dedicated MIDI
D Peripheral Hookup (150K) or time
E to time shared net share 3rd
V or time shared 3rd generation
E generation main main frame

L frame
0 Personnel 5 3 3

P
Time 12 months for initial 12 months 12 months

battalion level
package

P
R Hardware $30K/unit Same as above/unit Same/user
0 $400K/division
L
I Personnel 8 additional 3 (same) 3 (same)
F
E Given available I month/unit I month/unit
R hardware approx.
A 3 months/div
T
E

M Same as develop- Same as top Same as top

A mental system,

I no additional cost
N
T Personnel 3 of original 5 3 (same) 3 (same)
A
I Time Continuous Continuous Continuous
N
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DATA QUALITY LEVEL DESCRIPTIONS

QUALITY BATTALION TRAINING
LEVEL TEST RESULTS SURVEY RESULTS MODEL OUTPUT

(QL1) Multiple valid Unbiased ques- Relative trend correct,
tests and tionnaire, con- absolute value of data

< .05 trolled sample, validated by field
valid analysis. testing.

(QL2) Valid test and Biased question- Relative trend correct,
< .20 naire, control- absolute value of data

led sample, valid consistent with profes-

analysis. sional judgement and/or

survey data.

(QL3) Data col- Unbiased question- Relative trend correct,

lected and naire, small sample, absolute value of data
trends indi- no analysis. unvalidated.

cated.

(QL4) Insights, not Biased question-
directly sup- naire. small sam- Relative trend unvali-

ported by data. ple, no analysis. dated.

(QL5) Information of marginal validity. Included primarily because
no better information exists. Use only with deliberate cau-

tion.

(QL6) Information judged to be of insufficient quality to include.
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